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Water  Quality  and  Biological  Assessment 
OF  THE  Lower  Susquehanna  Subbasin 

Carrie  L.  Traver 


ABSTRACT 

The  U.S.  Environmental  Protection  Agency’s 
Rapid  Bioassessment  Protocol  III  and  multivariate 
statistical  analyses  were  used  to  assess  the 
condition  of  the  biological  community,  physical 
habitat,  and  chemical  water  quality  of  96  sample 
sites  in  the  Lower  Susquehanna  Subbasin  in 
central  Pennsylvania  and  northeastern  Maryland. 
Results  of  this  assessment  indicate  that  the 
majority’  of  stream  reaches  (49  percent)  surveyed 
displayed  slight  biological  impairment. 
Relationships  among  physical  habitat  conditions, 
water  quality,  and  stream  biological  conditions 
within  the  Lower  Susquehanna  Subbasin  var\’ 
based  on  ecoregion  designation  and  drainage  area 
size;  these  relationships  were  explored  through  the 
use  of  principal  components  and  correlation 
statistical  analyses. 

INTRODUCTION 

The  Susquehanna  River  drains  an  area  of 
27,510  square  miles  and  has  one  of  the  largest 
river  basins  on  the  East  Coast  of  the  United  States. 
It  originates  at  Otsego  Lake  in  New  York  State 
and  flows  444  miles  to  the  Chesapeake  Bay  at 
Havre  de  Grace,  Maryland.  The  Susquehanna 
basin  is  comprised  of  six  major  subbasins. 

The  Lower  Susquehanna  is  the  southernmost 
subbasin.  It  encompasses  the  drainage  area  from 
the  confluence  of  the  Susqueharma  River  and  West 
Branch  Susquehanna  River  to  the  Chesapeake  Bay 
(excluding  the  watershed  of  the  Juniata  River) 
(Figures  1 through  3).  It  drains  5,913  square  miles 
in  south  central  Pennsylvania  and  northern 


Mainland,  and  includes  portions  of  three 
physiographic  provinces:  Blue  Ridge  Mountains, 
Northern  Piedmont,  and  Central  Appalachian 
Ridge  and  Valley. 

Of  the  six  subbasins,  the  Lower  Susquehanna 
Subbasin  is  the  most  developed.  Major  population 
and  industrial  centers  are  situated  within  the 
subbasin,  including  Pennsylvania’s  state  capital, 
Harrisburg,  as  well  as  Lancaster,  York,  Lebanon, 
and  Carlisle.  Residential  and  commercial  activities 
are  rapidly  expanding  in  suburban  areas.  This 
subbasin  also  is  known  for  its  value  as  a 
productive  agricultural  area. 

In  the  1980s,  Brezina  (1980)  and  McMorran 
(1986)  concluded  that  the  biological  communities 
of  a number  of  streams  m the  Lower  Susquehanna 
Subbasm  were  impacted  by  various  point  and 
nonpoint  source  pollution.  Since  those 
assessments,  more  robust  bioassessment 
procedures  have  been  developed  m an  attempt  to 
incorporate  the  effects  of  stream  size,  geolog>’, 
soils,  and  other  '“natural”  landscape  features  into 
stream  assessments  to  better  differentiate  ‘'natural” 
stream  ecosystems  from  those  impaired  b>’ 
human  activities.  One  such  set  of  procedures 
termed  Rapid  Bioassessment  Protocols  (RBPs)  has 
been  developed  by  the  United  States  Environmental 
Protection  Agency  (US  EPA)  (Plafkm  and  others, 
1989). 

The  purpose  of  Rapid  Bioassessment  Protocol 
III  (RBP  III)  IS  to  provide  a scientifically  valid, 
cost-effective  monitoring  procedure  for  assessing 
the  biological  conditions  of  streams  and  rivers. 
RBP  III  is  primarily  based  on  benthic 
macroinvertebrate  conimunit\’  data  and  physical 
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Figure  1.  Map  of  Northern  Section  Sanple  Sites 
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Figure  2.  Map  of  Central  Section  Sample  Sites 
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Figures.  Map  of  Southern  Section  Sanple  Sites 


habitat  conditions.  Only  a limited  number  of 
measured  parameters  (temperature.  pH. 
conductivity,  and  dissolved  oxygen)  arc  included  in 
the  chemical  water  quality  component  to  reduce 
staff  requirements  and  laboratory  eosts. 

In  some  eases,  RBP  HI  data  can  be  used  to 
determine  that  either  degraded  physical  habitat  or 
water  quality  eonditions  are  responsible  for 
impaired  biologieal  eonditions  at  a given  sample 
site.  For  example,  when  a severely  impaired 
biological  community  occurs  in  conjunction  with 
good  or  excellent  physical  habitat  conditions, 
biological  impairment  can  usually  be  attributed  to 
poor  water  quality.  However,  when  a stream 
exhibits  intermediate  degrees  of  both  habitat 
degradation  and  biologieal  impairment,  it  is  more 
difficult  to  assess  the  souree  of  biological 
impairment  based  solely  on  RBP  III  data. 

In  this  study,  Susquehanna  River  Basin 
Commission  (SRBC)  staff  used  RBP  III  habitat 
and  biological  data  in  conjunction  with  the  analysis 
of  37  ehemical  water  quality  parameters  in  an 
extensive  bioassessment  of  the  streams  and  nvers 
in  the  Lower  Susquehanna  Subbasin.  The  water 
quality'  eomponent  of  RBP  III  was  expanded  to 
better  identify  sources  of  biologieal  impairment. 

The  primary  objectives  of  this  report  are  to: 
(1)  provide  information  to  the  Pennsylvania 
Department  of  Environmental  Protection  (Pa. 
DEP)  and  SRBC  for  Section  305(B)  Water 
Quality  Inventories;  (2)  identify  the  existence, 
seventy,  and  probable  souree(s)  of  impairments  to 
stream  biologieal  communities;  (3)  use 
standardized  methods  to  build  a database  that  can 
be  used  as  baseline  data  for  trend  monitonng;  and 
(4)  identify'  relationships  among  landscape 
features,  ecoregion,  physieal  habitat,  water  quality 
conditions,  and  stream  biological  conditions. 
Findings  and  management  issues  are  presented  for 
consideration  by  natural  resource  managers  and 
poliey  makers. 


METHODS 

Field  and  Laboratory  Methods 

Field  data  were  collected  during  a period  of 
little  or  no  precipitation  when  streamflows  were 
maintained  primanly  by  baseffow.  Ninety  -six  sites 
(Figures  1 through  3)  were  sampled  in  the  Lower 
Susquehanna  Subbasin  between  July  8 and 
August  15,  1996.  Six  sites  were  located  on  the 
main  stem  of  the  Susquehanna  River,  and  90  sites 
were  distnbuted  among  61  tributaries  (Table  1). 
Physical  habitat  was  documented  at  each  sample 
site,  and  benthie  macroinvertebrate  and  chemical 
water  quality  samples  were  collected  for  analysis 
in  the  laboratory.  However,  high  flow  conditions 
prohibited  macroinvertebrate  collection  at  one  site 
(SWAT  21.7). 

Chemical  water  quality 

Water  samples  were  eollected  at  each  site  for 
laboratory  analysis.  Field  water  quality 
measurements  included  water  temperature, 
dissolved  oxygen,  conductivity,  pH.  alkalinity,  and 
acidity'.  (See  Table  2 for  a complete  list  of 
measured  parameters.)  Temperature  and  dissolved 
oxygen  were  measured  using  a YSI  Model  55 
dissolved  oxygen  meter.  The  dissolved  oxygen 
meter  was  calibrated  at  the  beginning  of  each  day 
when  water  samples  were  colleeted.  Conduetivity 
was  measured  using  a VWR  Scientific  Model  2052 
conductivity  meter.  A Cole  Parmer  meter  was 
used  to  measure  pH.  Alkalinity  was  measured  by 
titratmg  a known  volume  of  sample  water  to 
pH  4.5  with  0.02N  sulfuric  acid  (H;S04).  Acidity 
was  measured  by  titratmg  a known  volume  of 
sample  water  to  pH  8.3  with  0.02N  sodium 
hydroxide  (NaOH).  Approximately  2 liters  of 
water  from  each  site  were  collected  for  laboratory 
analvsis. 


Table  1.  Lower  Susquehanna  Suhhasin  Survey  Sample  Site  Locations 


Station 

Site  Description 

Latitude 

Longitude 

ARMS  0. 1 

Armstrong  Creek  at  Halifax 

402901 

765558 

BEAV  0.6 

Beaver  Creek  at  Second  Bridge 

401558 

764418 

BERM  1.2 

Bermudian  Creek  at  Blue  Hill  School  Bridge 

395957 

765631 

BERM  11.0 

Bermudian  Creek  downstream  of  Latimore  Creek 

400005 

770329 

CCLC0.4 

Cocalico  Creek  upstream  of  Conestoga  Creek 

400710 

761408 

CCLC  12.2 

Cocalico  Creek  at  Garden  Spot  Road 

401009 

761316 

CHCK3.0 

Chickies  Creek  at  Habecker  Road  Bridge 

400411 

763001 

CLRK3.8 

Clark  Creek  near  Rte.  225  Bridge 

402318 

765629 

CNTG0.9 

Conestoga  Creek  at  River  Road 

395614 

762315 

CNTG22.6 

Conestoga  Creek  at  gage 

400300 

761639 

CNTG32.7 

Conestoga  Creek  upstream  of  Cocalico  Creek 

400743 

761159 

CNTG43.9 

Conestoga  Creek  upstream  of  Muddy  Creek 

400845 

760442 

CNWG  1.8 

Conowingo  Creek  near  the  mouth 

394200 

761123 

CODO  0.6 

Codorus  Creek  at  Codorus  Furnace 

400307 

763855 

CODO  22.4 

Codorus  Creek  at  Rte.  516  Bridge 

395243 

765113 

CODO  33.0 

Codorus  Creek  downstream  of  West  Branch 

394917 

765302 

CODO  34.1 

Codorus  Creek  downstream  of  Valley  Junction 

394844 

765229 

CONO  1.3 

Conodoguinet  Creek  near  the  mouth 

401521 

765540 

CONO  28.8 

Conodoguinet  Bridge  at  Wolfs  Bridge  Road 

401424 

770953 

CONO  51.8 

Conodoguinet  Creek  upstream  of  Rte.  233  Bridge 

401103 

772424 

CONO  66.0 

Conodoguinet  Creek  at  Burnt  Mill  Road  Bridge 

400616 

773339 

DEEP  1.2 

Deep  Creek  near  Sacramento 

403829 

763517 

DEER  1.2 

Deer  Creek  near  the  mouth 

393721 

760954 

DEER  30.1 

Deer  Creek  near  Rte.  165 

394030 

762706 

EBOC  5.3 

East  Branch  Octoraro  Creek  at  lower  36022  Bridge 

395046 

760115 

ECON  0.0 

East  Conewago  Creek  at  Rte.  441 

400851 

764158 

ELKN  0. 1 

Elk  Creek  at  Cobum 

405209 

772731 

EMAH  0.2 

East  Mahantango  Creek  at  Rte.  147  Bridge 

403626 

765527 

EMAH  17.1 

East  Mahantango  Creek  at  Khngerstown 

403931 

764054 

EPIN  0. 1 

Pine  Creek  near  Klingerstown 

403901 

764127 

EPIN  12.7 

Pine  Creek  near  Sacramento 

403809 

763405 

HAMM  0.2 

Hammer  Creek  upstream  of  Cocalico  Creek 

400953 

761409 

KRTZ  1.5 

Kreutz  Creek  at  Cool  Brook  Road 

400055 

763222 

LCHK0.4 

Little  Chickies  Creek  upstream  of  Chickies  Creek 

400441 

763039 

LCNT  1.7 

Little  Conestoga  Creek 

395728 

762218 

LCON  1.5 

Little  Conewago  Creek  at  Big  Conewago  Road 

400355 

764450 

LRLN  0.8 

Laurel  Run  at  Laurelton 

405339 

771209 

ERLS  0.5 

Laurel  Run  near  the  mouth 

402013 

772032 

LSHM0.8 

Little  Shamokin  Creek  near  Sunbury 

405130 

764600 

LSWT  0.6 

Little  Swatara  Creek  at  Jonestown 

402428 

76283 1 

LTRT  0. 1 

Letort  Spring  Run  at  Rte.  1 1 

401403 

770822 

MDDY  3.3 

Muddy  Creek  near  the  mouth 

394621 

761858 

MHNY0.3 

Mahanoy  Creek  at  Rte.  147  Bridge 

404332 

765018 

MIDD  0.2 

Middle  Creek  at  Middle  Creek  Road  Bridge 

401038 

761427 

MIDL  0.7 

Middle  Creek  near  the  mouth 

404607 

765229 

MIDL  24.7 

Middle  Creek  at  Rte.  235  Bridge 

404543 

771235 

MILL  0.3 

Mill  Creek  at  Elkman  Road  Bridge 

400017 

761803 

MISP  0.5 

Middle  Spring  Run  at  Burnt  Mill  Road 

400554 

773342 

MNDAO.l 

Manada  Creek  upstream  of  Sand  Beach  Creek 

401822 

764010 
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Table  1.  Lmver  Susquehanna  Subbasin  Survey  Sample  Site  Locations — Continued 


Station 

Site  Description  | 

1 

Latitude  | 

Longitude 

MNTN  3.0 

Mountain  Creek  upstream  of  Rte.  34  Bndge 

400630 

771059 

MUDD  0,2 

Muddy  Creek  upstream  of  Conestoga  Creek 

401015 

76062 1 

NB^fY  0.0 

North  Branch  Muddv  Creek  at  the  moutli 

394828 

762834 

NMHT  0,0 

Nortli  Mahantango  Creek  at  Rte.  104  Bndge 

403851 

765758 

NMID  0.7 

Nortli  Branch  Middle  Creek  at  Benfer 

404624 

771155 

OCTO  1.0 

Octoraro  Creek  at  Ro\vlands\’ille 

393940 

760854 

PAXT0,5 

Pa.xton  Creek  at  Sycamore  St. 

401501 

765201 

PAXT  8.4 

Pa.xton  Creek  at  Progress  Ave. 

401829 

765100 

PENN  30.0 

Perms  Creek  at  Glen  Iron 

405151 

771206 

PENN  5.0 

Penns  Creek  at  Selinsgrove 

404932 

765222 

PENN  50.6 

Penns  Creek  at  Cobum 

405126 

772900 

POWLO.l 

Powell  Creek  near  Rte.  147  Bridge 

402435 

765903 

PQEA  15.2 

Pequea  Creek  at  Rte.  222  Bridge 

395733 

761439 

PQEA3.3 

Pequea  Creek  at  Rte.  324  Bridge 

395353 

762122 

QUIT  0.3 

Quittapaliilla  Creek  at  the  mouth 

402110 

763643 

SBCC  1.2 

South  Branch  Conewago  Creek  at  the  mouth 

395255 

770419 

SBCD  0.4 

South  Branch  Codoms  Creek  at  gage 

395514 

764457 

SBCD  3.6 

South  Branch  Codoms  upstream  of  East  Branch 

395343 

764440 

SBEV  2.5 

Big  Beaver  Creek  at  Refton  Railroad  Bridge 

395619 

761339 

SBMYO.O 

South  Branch  Muddv  Creek  at  the  mouth 

394827 

762835 

SHAM  2.7 

Shamokin  Creek  at  Sunbury' 

405137 

764634 

SPIRM  2.0 

Sherman  Creek  near  the  mouth 

402247 

770456 

SHRM27.5 

Sherman  Creek  near  Boy  Scout  Camp 

402103 

772009 

SPRG  0.0 

Spnng  Creek  at  confluence 

401701 

764046 

STON  0.4 

Stony  Creek  upstream  of  dam  at  Dauphin 

402231 

765457 

SUSQ  44.5 

Susquehanna  River  at  Columbia 

400209 

763124 

SUSQ  57.0 

Susquehanna  River  at  Three  Mile  Island 

400704 

764245 

SUSQ  77,0 

Susquehanna  River  at  Fort  Hunter 

402009 

765445 

SUSQ  106.0 

Susquehanna  River  at  Mckees  Half  Falls 

403939 

765451 

SUSQ  122.0 

Susquehanna  River  below  Fabridam 

405029 

764843 

SUSQ  94.0 

Susquehanna  River  at  Halifax 

402924 

765636 

SWAT  2.3 

Swatara  Creek  downstream  of  Turnpike  Bridge 

401215 

764251 

SWAT  21.7 

Swatara  Creek  upstream  of  Quittapalulla  Creek 

402112 

763659 

SWAT  39,0 

Swatara  Creek  upstream  of  Little  Swatara  Creek 

402722 

763021 

SWAT  56.0 

Swatara  Creek  downstream  of  upper  Little  Swatara  Creek 

403255 

762249 

TRDL  0.0 

Trindle  Spring  Run  at  Silver  Springs 

401505 

770028 

WBOC  4.3 

West  Branch  Octoraro  Creek  upstream  of  resen  oir 

394952 

760602 

WCON  2.9 

West  Conewago  Creek  at  Rte.  182  Bridge 

400456 

764313 

WCON  20.4 

West  Conewago  Creek  at  Bull  Road  Bridge 

400537 

765052 

WCON  35.5 

West  Conewago  Creek  upstream  of  Bermudian  Creek 

400018 

765521 

WCON  56.3 

West  Conewago  Creek  upstream  of  South  Branch 

395355 

770504 

WCON  66.5 

West  Conewago  Creek  upstream  of  Opossum  Creek 

395539 

771125 

WICO  0.3 

Wiconisco  Creek  at  the  mouth 

403209 

765750 

WMHT  2.2 

West  Mahantango  Creek  at  Rte.  104  Bridge 

403848 

765759 

WPIN  0,8 

Pine  Creek  at  Cobum 

405210 

772714 

YLBR3.4 

Yellow  Breeches  Creek  at  gage 

401329 

765354 

YLBR  35.7 

1 Yellow  Breeches  Creek  upstream  of  Mountain  Creek 

400813 

771144 

1 


Table  2.  Chemical  Water  Quality  Parameters 


Parameter 

Symbol 

Units  1 Parameter 

Symbol 

Units 

Field-Measured  Parameters 

Water  Temperature 

Temp 

Degrees  C 

Conductivity 

Cond 

g ohms/cm 

pH 

JH 

S.U. 

Alkalinity 

Aik 

ma/L 

Dissolved  Oxvsen 

DO 

mg/L 

Acidity 

Acid 

mg/L 

Laboratory  Analysis 

Specific  Conductivity 

Lab  cond 

g ohms/cm 

Total  Calcium 

Ca 

mg/L 

pH 

Lab  pH 

mg/L 

Magnesium 

M2 

mg/L 

Alkalinity’  (as  CaC03) 

Lab  Aik 

mg/L 

Sodium 

Na 

mg/L 

Dissolved  Residuals 

D Res 

mg/L 

Potassium 

K 

mg/L 

Total  Residuals 

T Res 

mg/L 

Chloride 

Cl 

mg/L 

Total  Nitrosen 

TN 

mg/L 

Total  Sulfate 

SO4 

mg/L 

Dissolved  Nitrogen 

DN 

mg/L 

Fluoride 

FI 

mg/L 

Dissolved  Ammonia 

DNH3 

mg/L 

Copper 

Cu 

PS/L 

Total  Ammoma 

TNH3 

mg/L 

Total  Iron 

TFe 

Dissolved  Nitnte 

DNO2 

mg/L 

Dissolved  Iron 

DFe 

pg/L 

Total  Nitnte 

TNO3 

mg/L 

Lead 

Pb 

Pg/L 

Dissolved  Nitrate 

DNO3 

mg/L 

Total  Manganese 

TMn 

Pg/L 

Total  Nitrate 

TNO3 

mg/L 

Dissolved  Manganese 

DMn 

pg/L 

Total  Phosphorus 

TP 

mg/L 

Nickel 

Ni 

pg/L 

Dissolved  Phosphorus 

DP 

mg/L 

Zinc 

Zn 

pg/L 

Total  Organic  Carbon 

TOC 

mg/L 

Total  Aluminum 

TAl 

pg/L 

Total  Hardness  (CaCO^i) 

Hard 

mg/L 

Dissolved  Aluminum 

DAI 

pg/L 
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Laboratory  samples  consisted  of  tvvo  500  mL 
samples  for  nutrient  analysis  and  two  500  mL 
samples  for  metal  analysis.  For  both  analyses,  one 
sample  was  filtered  with  a cellulose  nitrate  filter 
with  0.45  micrometer  pore  size.  The  samples  for 
metal  analyses  were  acidified  to  pH  2 or  less  with 
nitric  acid.  All  samples  were  chilled  on  ice  and 
shipped  within  24  hours  to  the  Pa.  DEP  Bureau  of 
Laboratories  in  Harrisburg,  Pa. 

Physical  habitat  and  biological  conditions 

Physical  habitat  conditions  at  each  sample  site 
were  assessed  using  a slightly  modified  version  of 
the  habitat  assessment  procedure  outlined  by 
Plafkin  and  others  (1989).  A total  of  11  habitat 
parameters  were  field-evaluated  at  each  site  and 
used  to  calculate  a site-specific  habitat  assessment 
score.  Habitat  parameters  were  identified  as 
primary,  secondary,  or  tertiary  parameters  based 
on  their  contnbution  to  habitat  quality.  Primar\' 
parameters,  stream  habitat  features  that  have  the 
greatest  direct  influence  on  the  structure  of  aquatic 
communities,  were  evaluated  on  a scale  of  0-20 
and  included  the  characterization  of  stream  bottom 
substrate  and  instream  cover,  embeddedness,  and 
velocity/depth  diversity.  Secondary  parameters 
mcluded  stream  channel  morphology 
characteristics  and  were  scored  on  a scale  of  0-15. 
Tertiary  parameters  characterized  riparian  and 
bank  conditions  and  were  scored  on  a scale  of 
0-10.  The  criteria  used  to  evaluate  habitat 
parameters  are  summarized  in  Table  3. 

Benthic  macroinvertebrate  samples  were 
collected  and  analyzed  using  field  and  laboratory 
methods  described  by  Plafkin  and  others  (1989). 
Sampling  was  performed  using  a 1 meter  square 
kick  net  with  size  No.  30  mesh  to  collect  organisms 
dislodged  from  nffle  areas  by  physical  agitation  of 
the  streambed.  Two  areas  of  the  streambed,  each 
approximately  1 meter  square,  were  sampled  at 
each  site;  one  area  of  high  velocity-,  and  one  area 
of  lower  velocity'.  The  two  samples  were 
composited  and  preserved  in  a solution  of 
isopropyl  alcohol  and  glycenn  for  laboratory 
analysis.  In  the  laboratory,  composite  samples 
were  sorted  into  100-organism  subsamples  usmg  a 


gndded  pan  and  a random  numbers  table.  The 
organisms  contained  in  the  subsamples  were 
identified  to  genus  (with  the  exception  of 
Chironomidae.  Simuliidae.  Dixidae.  Hydracanna. 
and  Tubificidae)  and  enumerated.  Each  taxon  was 
assigned  an  organic  pollution  tolerance  value  and  a 
functional  feeding  categoiy  as  outlined  in 
Appendix  A.  Raw  invertebrate  data  for  each  site 
are  listed  in  Appendix  B. 

Data  Analysis  Methods 

Reference  category  designation 

Sample  sites  were  grouped  into  reference 
categories  based  on:  (1)  ecoregion  designation: 
(2)  drainage  area  size;  and  (3)  subecoregion 
designation.  Sites  with  drainage  areas  less  than 
100  square  miles  in  Subecoregions  64a  (Triassic 
lowlands)  and  64c  (Piedmont  uplands)  were 
combined  into  a single  reference  categorv’,  due  to 
the  limited  number  of  sites  located  in  Subecoregion 
64a.  Sites  with  drainage  areas  less  than 
100  square  miles  in  Subecoregions  67c  (sandstone 
ridges)  and  67d  (shale  ridges)  were  combined  into 
a single  reference  category,  due  to  the  relative 
similarity  between  these  two  subecoregions  and  the 
limited  number  of  sites  located  in  Subecoregion 
67d.  For  each  reference  category,  one  site  that 
represented  a combination  of  the  '"least  disturbed 
or  best  attamable”  habitat  and  biological 
conditions  was  identified  and  used  as  the  reference 
site  for  the  reference  categoiy.  Reference  category 
delineation  criteria  are  summarized  in  Table  4. 
Drainage  area  and  subecoregion  designation  are 
listed  in  Appendix  C. 

Chemical  water  quality 

Pnncipal  components  analysis  (PC A)  was 
used  to  condense  the  water  quality  data  into  a 
manageable  format,  to  reveal  structure  in  the  data, 
and  to  efficiently  descnbe  the  water  qualitv' 
charactenstics  of  tlie  sample  sites  within  a given 
reference  category.  PCA  results  are  presented  as 
graphs  (ordinations),  in  which  the  axes  represent 
subsets  of  the  parameters  included  in  the  analysis 
that  account  for  most  of  the  vanation  in  the  data. 
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Table  3.  Criteria  Used  to  Evaluate  Physical  Habitat  Parameters 
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Table  3.  Criteria  Used  to  Evaluate  Physical  Habitat  Parameters — Continued 
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Table  3.  Criteria  Used  to  Evaluate  Physical  Habitat  Parameters — Continued 
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Parameters  that  had  low  axis  weightings,  and  thus 
accounted  for  only  a small  part  of  the  overall 
vanability  in  the  data,  were  removed  from  the  data 
set.  Tins  process  was  repeated  until  the  original 
data  set  of  37  water  quality  parameters  was 
condensed  to  a relatively  small  number  of 
parameters  that  produced  meaningful  ordinations. 
Next,  the  condensed  data  set  produced  from  PCA 
was  used  in  a hierarchical,  agglomerative  cluster 
analysis  to  produce  a dendrogram,  a tree-like 
graph  that  shows  the  relative  similarity  of  sample 
sites.  Separate  prmcipal  components  and  cluster 
analyses  were  performed  for  each  reference 
category  using  software  developed  by  Ko\ach 
(1993)  and  Mmitab  (1996),  respectively.  Principal 
components  and  cluster  analyses  were  descnbed  by 
Gauch  (1982). 

Physical  habitat  and  biological  conditions 

Data  analysis  of  habitat  and  biological  data 
follows  the  modified  procedure  of  Plafkin  and 
others  (1989)  developed  by  McGarrell  (1997). 
Habitat  assessment  scores  of  sample  sites  were 
compared  to  those  of  reference  sites  to  classify 
each  sample  site  into  a habitat  condition  category' 
(Table  5).  The  biological  integnty  of  each  sample 
site  was  assessed  using  a modified  version  of  RBP 
III.  as  described  by  Plafkin  and  others  (1989). 
This  modification  included  the  substitution  of 
several  of  the  indices  ("metncs")  used  to  evaluate 
the  overall  integrity  of  the  site's  benthic 
macroinvertebrate  community.  These  substitutions 
included:  (1)  Shannon  Diversity  (log  base  2)  for 
the  Percent  Contribution  of  Dominant  Taxa 
Metric:  (2)  Percent  Taxonomic  Similarity  for  the 
EPT/Chironomidae  Abundances  and  Community 
Loss  Metrics;  and  (3)  Percent  Trophic  Similarity 
for  the  Scrapers/Filtering  Collectors  and 
Shredders/Total  Metrics.  Tlie  metrics  used  in  this 
survey  are  summarized  in  Table  6. 

Tlie  100-organism  subsample  data  were  used 
to  generate  scores  for  each  of  the  six  metrics. 
Each  metric  score  was  then  converted  to  a 
biological  condition  score,  based  on  the  percent 


score  of  the  appropriate  reference  site.  The  sum  of 
the  biological  condition  scores  constituted  the  total 
biological  score  for  the  sample  site,  and  total 
biological  scores  were  used  to  assign  each  site  to  a 
biological  condition  category  (Table  7). 


Table  4.  Summary  of  Reference  Category  Delineation  Criteria 
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(1)  Omemik  (1987) 

(2)  Pa.  DER(1989) 

(3)  Pa.  DEP  (unpublished) 


Table  5.  Summary  of  Criteria  Used  to  Classify  the  Habitat  Conditions  of  Sample  Sites 


DETERMINATION  OF  HABITAT  ASSESSMENT  SCORES 

Habitat  Parameter  Scoring  Criteria 

Parameter 

Excellent 

Good 

Fair 

Poor 

Bottom  Substrate 

20-16 

15-11 

10-6 

5-0 

Embeddedness 

20-16 

15-11 

10-6 

5-0 

Velocit\'/Depth  Diversity 

20-16 

15-11 

10-6 

5-0 

Pool-Riffle  (Run-Bend)  Ratio 

15-12 

11-8 

7-4 

3-0 

Pool  Quabty' 

15-12 

11-8 

7-4 

3-0 

Riffle/Run  Quality' 

15-12 

11-8 

7-4 

3-0 

Charmel  Alteration 

15-12 

11-8 

7-4 

3-0 

Upper  and  Lower  Streambank  Erosion 

10-9 

8-6 

5-3 

2-0 

Upper  and  Lower  Streambank  Stability 

10-9 

8-6 

5-3 

2-0 

Streamside  Vegetative  Cover 

10-9 

8-6 

5-3 

2-0 

Forested  Riparian  Buffer  Zone  Width 

10-9 

8-6 

5-3 

2-0 

i 


Habitat  Assessment  Score  = Sum  of  Habitat  Parameter  Scores 


i 


HABITAT  ASSESSMENT 

Percent  Comparability  of  Study  and  Reference 

Site  Habitat  Assessment  Scores 

Habitat  Condition  Category 

>90 

Excellent  (comparable  to  reference) 

89-75 

Supporting 

74-60 

Partially  supporting 

<60 

Nonsupportmg 
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Table  6.  Summary  of  Metrics  Used  to  Evaluate  Overall  Biological  Integrity  of  Stream  and  River 
Benthic  Macroinvertebrate  Communities 


Metric 

Description 

1.  Taxonomic  Richness  (1) 

The  total  number  of  taxa  present  in  the  100  organism  subsample 

2.  Shannon  Diversity  Index  (2) 

A measure  of  biological  community  complexity  based  on  the 
number  of  equally  or  nearly  equally  abundant  taxa  in  the 
community 

3.  Modified  Hilsenhoff  Biotic  Index  (1) 

A measure  of  the  overall  pollution  tolerance  of  a benthic 
macroinvertebrate  community 

4.  EPT  Index  (1) 

The  total  number  of  Ephemeroptera  (mayfly),  Plecoptera 
(stonefly),  and  Trichoptera  (caddisfly)  taxa  present  in  the  100 
organism  subsample 

5.  Percent  Taxonomic  Similarifi'  (2) 

A measure  of  the  similarity  between  the  taxonomic  composition  of 
the  sample  site  and  its  appropriate  reference  community 

6.  Percent  Trophic  Similarity  (2) 

A measure  of  the  similarity  between  the  functional  feeding  group 
composition  of  a sample  site  and  its  appropriate  reference 
community 

Sources:  (1)  Plafkin  and  others  (1989);  and 

(2)  calculated  using  software  developed  by  Kovach  (1993). 
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Table  7.  Summary  of  Criteria  Used  to  Classify  the  Biological  Conditions  of  Sample  Sites 


SAMPLING  AND  ANALYSIS 


TOTAL  BIOLOGICAL  SCORE  DETERMINATION 

Biological  Condition  Scoring  Criteria  (percent) 

Metric 

6 

4 

2 

0 

1.  Taxonomic  Richness  (a) 

>80 

79-60 

59-40 

<40 

2.  Shannon  DiversiW  Index  (a) 

>75 

74-50 

49-25 

<25 

3.  Modified  Hilsenhoff  Biotic  Index  (b) 

>85 

84-70 

69-50 

<50 

4.  EPT  Index  (a) 

>90 

89-80 

79-70 

<70 

5.  Percent  Taxonomic  Similarity  (c) 

>45 

44-33 

32-20 

<20 

6.  Percent  Trophic  Similarit>'  (c.d) 

>75 

74-50 

49-25 

<25 

Total  Biological  Score  = the  sum  of  Biological  Condition  Scores  assigned  to  each  metric 


BIOASSESSMENT 

Percent  Comparability  of  Study  and  Reference 

Site  Total  Biological  Scores 

Biological  Condition  Category 

>81 

Nonimpaired 

81-53 

Slightly  impaired 

52-20 

Moderately  impaired 

<20 

Severely  impaired 

(a)  Score  is  study  site  value/reference  site  value  X 100. 

(h)  Score  is  reference  site  value/study  site  value  X 100. 

(c)  Range  of  values  obtained.  A comparison  to  the  reference  station  is  incorporated  in  this  index. 

(d)  Functional  Feeding  Group  Designations  are  summarized  in  Appendix  A. 
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RESULTS 

Reference  Category  64ac 

Reference  categon,'  64ac  consists  of  12  sites 
located  in  the  Triassic  lowlands,  the  Arkosic 
sandstone  uplands,  and  the  Piedmont  uplands  of 
the  Northern  Piedmont  Ecoregion  (Ecoregion  64), 
w ith  drainage  areas  of  less  than  100  square  miles 
(Figure  4).  PCA  identifies  a subset  of  18  water 
quality  parameters  that  account  for  most  of  the 
variation  m the  data.  The  results  of  principal 
components  and  cluster  analyses  are  presented  in 
Figures  5 and  6,  respectively.  Raw  water  quality' 
data  are  tabulated  in  Appendix  D. 

The  reference  site  for  reference  category  64ac 
is  SMBY  0.0.  The  biological  commumties  of  two 
( 1 7 percent)  reference  category  64ac  sites  are 
nonimpaired.  The  remaining  ten  (83  percent) 
support  biological  communities  that  are  slightly 
impaired.  Habitat  conditions  are  excellent 
(comparable  to  reference)  at  a majority' 
(83  percent)  of  the  sites  in  this  reference  category. 
RBP  III  physical  habitat  and  biological  data  are 
summanzed  in  Tables  8 and  9 and  Figure  7. 

Reference  Category  64d 

Nine  sample  sites  are  included  in  reference 
category  64d.  sites  with  drainage  areas  of  less  than 
1 00  square  miles  located  in  the  limestone  lowlands 
of  Ecoregion  64  (Figure  8).  PCA  identifies  a 
subset  of  20  water  quality  parameters  that  account 
for  most  of  the  variation  in  the  data.  Principal 
components  and  cluster  analyses  are  presented  in 
Figures  9 and  10. 

None  of  the  reference  category  64d  sample 
sites  approximates  the  “least  disturbed  or  best 
attainable”  habitat  and  biological  conditions.  Each 
of  the  sites  in  reference  category  64d  has  a slightly 
impaired  biological  community.  Therefore, 
PENN  50.6.  the  reference  site  for  reference 
category  67a  (streams  with  drainage  areas  of  less 
than  100  square  miles  in  limestone/dolomite 


valleys)  was  selected  as  tlie  reference  site  for  64d. 
Excellent  habitat  is  found  at  two  64d  sites: 
supporting  habitat  is  present  at  two  sites;  and 
partially  supporting  habitat  exists  at  the  remaining 
five  sites.  RBP  III  physical  habitat  and  biological 
data  are  summarized  in  Tables  10  and  11  and 
Figure  11. 

Reference  Category  64L 

Twenty-two  sites  within  the  Northern 
Piedmont  that  have  drainage  areas  greater  than 
100  square  miles  are  included  in  reference  category 
64L  (Figure  12).  PCA  identifies  a subset  of  17 
water  quality  parameters  that  account  for  most  of 
the  vanation  m the  data.  The  results  of  principal 
components  and  cluster  analyses  are  presented  in 
Figures  13  and  14. 

MDDY  3.3  functions  as  the  reference  site  for 
reference  category  64L.  Eight  (36  percent)  of  the 
reference  category  sites  are  nonimpaired,  eight 
(36  percent)  display  slight  impairment,  and  four 
(18  percent)  are  moderately  impaired.  Two  sites 
(9  percent)  are  severely  impaired,  and  sampling 
produced  no  macroinvertebrates.  Habitat  quality 
is  excellent  at  nine  sites,  supporting  at  five  sites, 
partially  supporting  at  six,  and  two  sites  have 
nonsupportmg  conditions.  RBP  III  physical 
habitat  and  biological  data  are  summarized  in 
Tables  12  and  13  and  Figure  15. 

Reference  Category  66 

Reference  category  66  consists  of  one  site 
located  in  the  igneous  ndges  of  the  Blue  Ridge 
Mountains.  Its  biological  community  appears 
nonimpaired.  and  its  habitat  qualitv'  is  excellent. 
RBP  III  physical  habitat  and  biological  data  are 
summarized  in  Tables  14  and  15. 

Reference  Category  67a 

Reference  category  67a  consists  of  eight  sites 
that  have  drainage  areas  of  less  than  1 00  square 
miles  and  are  located  in  the  limestone/dolomite 
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Figure  4.  Map  of  Reference  Category  64ac  Sample  Sites 
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Figure  5.  Ordination  of  Reference  Category  64ac  Sample  Sites  Based  on  Principal  Components 

Analysis  of  Water  Quality  ((a)  PCA  Axis  1 Versus  PCA  Axis  2,  and  (b)  PCA  Axis  1 Versus 
PC  A Axis  3) 
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PERCEMT  SIMILARITY 


Water  Quality  Variables  Identified 
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Figure  6.  Cluster  Analysis  of  Water  Quality  Parameters  That  Account  for  Most  of  the  Variability  in 
Reference  Category  6-fac  Water  Quality  Data 
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Table  H.  Summary  of  Reference  Category  64ac  RBP  III  Habitat  Data 
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Table  9.  Summary  <>j  Reference  Category  64ac  RliPIlI  Jiiological  Dab 


c:> 

o 

O n 

12 

2.3 

7.2 

7.2 

2.4 

0 ‘2 

0 

0 

o ^ 

-T  -r  - - — 

ly^  DC  DC  '^. 

-o  o -r  04  o T 

DC 

n~,  rr  ‘yn  o 

DC  ^ DC  r' 

O 

'O 

G 

O ^ 

^04(^1  — '/~i  O 

sC  -C  O cc  o 

^ T rJ  DC  <^4 

2fC  ■ .-.' 

— *y~i 

y^.  \c  'y^  ^ c'J 

r-i  — ly^,  C' 

O O T O >C  O 

DC 

CO 

<r^j  r^.  r^.  C^ 

n-.  -T  *7^ 

50  50  50  -.C  u"i 

O 

o 

C_5  CM 

r^, 

S O 3 O ^ CN  »C  C^l 
1_  — r^,  r'i 

, ^ '^- 

3-  vO  '^‘  ''"■ 

C'J  DC  \C  <^1  'C  DC 
iy~.  o 'y^i 

sC  sC  04  O O sC 

m T- 
w 

50  50  ■<:  -r  3"  50 

o 

>- 

__  C^  r<-,  tT 

'C 

O')  tT  C cs  — TT 

sj  • _•  _'•  _ 

'C  f^,  2C  --  ly-^  — 

-TT  DC  DC  ly^. 

O 'O  O 04  O 

CQ  o 
2 

1 — r“.  < — — 3C 

ty-3 

50  50  5^  r-  tn 

r* 

2 

O 

p p “ 

^ iy^  DC  vy^  C' 

X P P <N  CN 

r^,  — DC  iy~i  <y~^.  C^ 

•■n  vC  — r-i  r^-i 

O sC  ”T  O O "T 

O 

— r^.  'TT 

r^,  r*^ 

o c^  DC  sC'  ‘y^.  r' 

r 

ECON 

0.0 

29 

16 

4.1 

5.5 

5.5 

2.3 

7 

2 

17 

.18 

.55 

7 

1.1 

1.8 

•y^  ■ — DC  — DC 

C^  r^.  n“.  r^,  — — 

\C  O T O ~ 'O 

V, 

“ -T  3C 

DC  DC  DC  W-)  DC 

r 

o 

o CO 

un  

tt  — C^  ^n  O CD 

G lo 
LU 

X rsi  n“  c<  >0  o ^ 

^ ^ r-,  un 

r^  \C  DC  c<  ly^ 

4/^  DC  r^i  r^-  ‘y^ 

O^  sC  O 

f 

q:  _ 
lAJ 

3 = 

C5  r^.  <y^  C^  CC  X 

— r:  1^.  3- 

DC  lyS  'O 

TT  O O 04  TT  TT 

V 

— C'J  sC  — 50 

m TT  "T 

DO  c^  T ^ 

< 

CODO 

34.1 

— DO  CC  X 5C 

^ ^2:  CTN  r^,  X 

r...  — _ 50  vC 

!2;  •^.  '^.  X o^  50' 

•y^  3 o C5  DC  sC 
CS  o’  ^ 5C 

mC  "O  'T  04  ^ ^ 

— r«-.  TT  — ^ 

00  C5  DC  «*<“.  r^ 

CNWG 

1.8 

UK) 

2.0 

42.0 
.34.0 

18.0 

4.0 

6 

71 

13 

2.96 

4.87 

6 

50.0 

73.0 

68.4 

77.9 

77.6 

46.2 

50.0 

73.0 

'O 

^ o — cn  un 

r^  50  S' 

DC  ^y^  f^4  r**, 

q: 

— — rr  — rr  -sC 

^ X u-i  vC  r)  'C 

r^,  O ri  vC  'C 

or  vc  c:  or 

UJ  ^ 

m 

’ — ■ — ly^  r-.  O 

T 'X 

r-  DC  DC  -q-  ^ sC 

> 

S P 
G o 

^ O — C:  ^ O 

— rsl  r^.  — — 

2 DC  ^ ^ X X 
rr  r^.  S C: 

5 5 5 5 5 5 

\^ 

in 

X V5 

as  2 

x 

iS 

«J  2*^ 

X ^ ^ 

X ^ ^ 

V5  — o ■ — 

-=  -=:  'j  :::  > 

y >“  Np 

A -a  — • ^ 

, 22  ^ 

yi  ^ 

'A  ^ ^ ^ 

c 

— X * ^ ” 

H - ■!> 

V5  ZL  'H.  ^ 

H “ ^ > 

'A  = c — 

• — u2  u-  M ^ 

■S  = 2.  ^ S '-  H 

- "3  y t2  c.3r-,r~ 

~ -J  — 'J  ,-3  T3  — — 

■2  3 o .§  J 

X x c/:  := 

^ <J  3 .=  J 

^ X -3  V2 

"u  X '•£  si 

■“vy  ■ "“ 

h '— 

— « '**'  - — ■-)  U-  ^ 

v:  ^ 'Xj  0-  ^ ^ 

ij-^— -ww— - V 

z '-J  'J  '-J  'J  '-J  r = 

:d  — ;-  y -H  ■ = 

Sc 

'-J  JC  • ^ - DD 

5-4  ^ 'y  '-J  . n 

*>. 

I tl  1 1 
i i 1 ? s 1 

'>5 

- 

;j 

£ "3  ^ 

5 •■=  X ^ o 

5 £ 3 “ i ■£ 

2 > 22  r X c 

*M, 

H! 

S >r  — 5 ^ 

q c M ^ ” c 

x > — X o 

- 

“C 

<i“ 

'-  5 ':x  S •-  •- 

k, 

^ -C  — 

•l* 

s! 

— 

rvi 


23 


IJiolouical  %()1  Rcicrencc 


o 

CN 


LO 

O 


O 

C3^ 


LO 

N- 


O 

CD 


LO 


O 

CO 


un 


o 


LU 

CL 

O 

0 
CO 

[- 

< 

K 

m 

< 

1 


(%)  NOIliONOO  1VOI0010IS 


24 


Figure  7.  Summary  of  Reference  Category  64ac  RBP  III  Biological  and  Habitat  Data 
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Figure  8.  Map  of  Reference  Category  64d  Sample  Sites 
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Figure  9.  Ordinations  of  Reference  Category  64d  Sample  Sites  Based  on  Principal  Components 

Analysis  of  Water  Quality  ((a)  PCA  Axis  1 Versus  PCA  Axis  2,  and  (b)  PCA  Axis  1 Versus 
PC  A Axis  3) 
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Table  10.  Summary  of  Reference  Category  64d  RBP  III  Habitat  Data 


CLLC 

12.2 

HAMM 

0.2 

KRTZ 

1.5 

LCHK 

0.4 

LCNT 

1.7 

MIDD 

0.2 

MILL 

0.3 

MUDD 

0.2 

SBEV 

2.5 

Primary  Parameters 

Bottom  Substrate 

11 

9 

13 

8 

15 

11 

18 

11 

17 

Embeddedness 

15 

10 

8 

10 

16 

10 

17 

10 

15 

Velocitt'/Depth  Diversitv' 

16 

16 

15 

14 

17 

14 

17 

11 

16 

Secondary  Parameters 

Pool/Riffle  Ratio 

12 

12 

6 

6 

11 

13 

13 

6 

13 

Pool  Quality 

11 

12 

10 

11 

10 

13 

11 

12 

12 

Riffle/Run  Quality 

9 

7 

12 

10 

13 

6 

11 

10 

8 

Channel  Alteration 

8 

5 

6 

7 

11 

7 

12 

6 

10 

Tertiary  Parameters 

Streambank  Erosion 

7 

5 

5 

7 

5 

5 

5 

5 

8 

Streambank  Stability 

9 

4 

8 

5 

5 

5 

8 

5 

8 

Streamside  Vegetative  Cover 

6 

6 

5 

6 

6 

6 

7 

6 

7 

Riparian  Buffer  Zone 

4 

3 

3 

3 

5 

4 

4 

4 

5 

Total  Habitat  Score 

Total  Habitat  Score 

108 

89 

91 

87 

114 

94 

123 

86 

119 

Habitat  % of  Reference 

82 

67 

69 

66 

86 

71 

93 

65 

90 
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Table  1 1.  Summary  of  Reference  Category  64d  RBP  III  Biological  Data 


CCLC 

12.2 

HAMM 

0.2 

KRTZ 

1.5 

LCHK 

0.4 

LCNT 

1.7 

MIDD 

0.2 

MILL 

0.3 

MUDD 

0.2 

SBEV 

2.5 

Raw  Data  Summary 

Number  of  Individuals 

100 

98 

100 

125 

120 

55 

100 

104 

225 

Percent  Shredders 

2.0 

1.0 

1.0 

1.6 

0.0 

12.7 

0.0 

0.0 

0.0 

Percent  Collector-Gatherers 

5.0 

42.9 

20.0 

12.0 

25.8 

67.3 

6.0 

22.1 

21.3 

Percent  Filterer-Collectors 

60.0 

6.1 

56.0 

28.8 

24.2 

7.3 

33.0 

18.3 

48.9 

Percent  Scrapers 

33.0 

49.0 

10.0 

56.8 

46.7 

12.7 

59.0 

53.8 

28.9 

Percent  Predators 

0.0 

1.0 

13.0 

0.8 

3.3 

0.0 

2.0 

5.8 

0.9 

Number  of  EPT  Taxa 

5 

6 

6 

6 

6 

6 

8 

5 

7 

Number  of  EPT  Individuals 

47 

49 

62 

45 

49 

10 

43 

21 

144 

Metric  Scores 

Taxonomic  Richness 

11 

14 

14 

13 

14 

13 

13 

12 

14 

Diversity  Index 

2.58 

2.52 

3.33 

2.43 

2.80 

2.55 

2.55 

2.29 

2.44 

Hilsenhoff  Biotic  Index 

4.86 

5.16 

4.75 

4.84 

5.01 

5.73 

4.62 

5.11 

4.73 

EPT  Index 

5 

6 

6 

6 

6 

6 

8 

5 

7 

Taxonomic  Similarity  (%) 

37.8 

21.2 

30.3 

25.9 

42.6 

32.1 

11.8 

19.8 

20.4 

Trophic  Similaritv  (%) 

67.9 

43.7 

84.8 

51.2 

60.9 

51.5 

49.0 

51.3 

79.1 

Percent  of  Reference 

Taxonomic  Richness 

57.9 

73.7 

73.7 

68.4 

73.7 

68.4 

68.4 

63.2 

73,7 

Diversity  Index 

97.0 

94.7 

125.2 

91.4 

105.3 

95.9 

95.9 

86.1 

91.7 

Hilsenhoff  Biotic  Index 

96.3 

90.7 

98.6 

96.7 

93.5 

81.7 

101.3 

91.7 

98.9 

EPT  Index 

50.0 

60.0 

60.0 

60.0 

60.0 

60.0 

80.0 

50.0 

70.0 

Taxonomic  Similarity  (%) 

37.8 

21.2 

30.3 

25.9 

42.6 

32.1 

11.8 

19.8 

20.4 

Trophic  Similarity  (%) 

67.9 

43.7 

84.8 

51.2 

60.9 

51.5 

49.0 

51.3 

79.1 

Biological  Condition  Scores 

Taxonomic  Richness 

2 

4 

4 

4 

4 

4 

4 

4 

4 

Diversity  Index 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Hilsenhoff  Biotic  Index 

6 

6 

6 

6 

6 

4 

6 

6 

6 

EPT  Index 

0 

0 

0 

0 

0 

0 

4 

0 

2 

Taxonomic  Similarity  (%) 

4 

2 

2 

2 

4 

2 

0 

0 

2 

Trophic  Similantv  (%) 

4 

2 

6 

4 

4 

4 

2 

4 

6 

Total  Biological  Score 

Total  Biological  Score 

22 

20 

24 

22 

24 

20 

22 

20 

26 

Biological  % of  Reference 

61 

56 

67 

61 

67 

56 

61 

56 

72 
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Figure  11.  Suntntary  of  Reference  Category  64d  RBP  HI  Biological  and  Habitat  Data 
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Figure  12.  Map  of  Reference  Category  64L  Sanple  Sites 
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Figure  13.  Ordinations  of  Reference  Category  64L  Sample  Sites  Based  on  Principal  Components 

Analysis  of  Water  Quality  ((a)  PCA  Axis  1 Versus  PCA  Axis  2,  and  (b)  PCA  Axis  1 Versus 
PC  A Axis  3) 
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PERCENT  SIMILARITY 


Water  Quality  Variables  Identified  by  PCA  and  Used  to  Generate  Dendrogram 
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Figure  14.  Cluster  Analysis  of  Water  Quality  Parameters  That  Account  for  Most  of  the  Variability  in 
Reference  Category  64 L Water  Quality  Data 
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Table  13.  Summary  of  Reference  Cate^’ory  64L  RRP  III  Biological  Data 
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Table  13.  Summary  of  Reference  Category  6-tL  RliPIII  Biological  Data — Continued 


36 


37 


Figure  15.  Summary  of  Reference  Cate^iory  64L  RHP  III  liiolojiieal  and  Habitat  Data 


Table  14.  Summary  of  Reference  Category  66  and  67a  RBP  III  Habitat  Data 


Reference  Category  66 

Reference  Category  67a 

MNTN 

PENN 

BEAV 

ELKN 

LTRT 

MISP 

SPRG 

TRDL 

WPIN 

3.0 

50.6 

0.6 

0.1 

0.1 

0.5 

0.0 

0.0 

0.3 

Primary  Parameters 

Bottom  Substrate 

18 

18 

15 

18 

18 

18 

14 

18 

8 

Embeddedness 

17 

16 

7 

18 

12 

11 

13 

15 

12 

Velocity/Depth  Diversitv 

15 

18 

14 

20 

17 

16 

15 

18 

8 

Secondary  Parameters 

Pool/RifHe  Ratio 

13 

13 

11 

12 

14 

12 

12 

13 

13 

Pool  Quality 

12 

14 

10 

14 

11 

10 

8 

11 

10 

RjfTle/Run  Quality 

11 

14 

11 

14 

13 

12 

12 

13 

10 

Channel  Alteration 

13 

12 

9 

13 

13 

10 

12 

13 

12 

Tertiary  Parameters 

Streambank  Erosion 

7 

9 

5 

7 

7 

7 

3 

7 

9 

Streambank  Stability 

9 

7 

6 

7 

9 

9 

5 

7 

9 

Streamside  Vegetative  Cover 

7 

7 

7 

8 

7 

9 

6 

9 

10 

Riparian  Buffer  Zone 

2 

4 

6 

4 

2 

5 

7 

4 

4 

Total  Habitat  Score 

Total  Habitat  Score 

124 

132 

101 

135 

123 

119 

107 

128 

105 

Habitat  % of  Reference 

100 

77 

102 

93 

90 

81 

97 

80 
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Table  15.  Summary  of  Reference  Category  66  and  67a  REP  111  Biological  Data 


Reference  Category  66 

Reference  Category  67a 

MNTN 

PENN 

BEAV 

ELKN 

LTRT 

MISP 

SPRG 

TRDL 

WPIN 

3.0 

50.6 

0.6 

0.1 

0.1 

0.5 

0.0 

0.0 

0.3 

Raw  Data  Siunmary 

Number  of  Individuals 

136 

138 

125 

184 

190 

128 

108 

142 

232 

Percent  Shredders 

15.4 

8.7 

1.6 

0.5 

52.6 

4.7 

12.0 

76.1 

2.6 

Percent  Collector-Gatherers 

30.1 

27.5 

13.6 

65.8 

15.3 

41.4 

13.9 

23.2 

78.0 

Percent  Filterer-Collectors 

16.9 

52.9 

20.8 

22.8 

24.2 

28.1 

0.9 

0.7 

1.7 

Percent  Scrapers 

20.6 

8.0 

64.0 

9.8 

7.4 

25.0 

73.1 

0.0 

13.8 

Percent  Predators 

16.9 

2.9 

0.0 

1.1 

0.5 

0.8 

0.0 

0.0 

3.9 

Number  of  EPT  Taxa 

16 

10 

6 

15 

4 

7 

2 

0 

6 

Number  of  EPT  Individuals 

95 

94 

24 

62 

47 

48 

12 

0 

24 

Metric  Scores 

Taxonomic  Richness 

25 

19 

13 

21 

14 

18 

10 

4 

15 

Diversity  Index 

4.08 

2.66 

2.94 

2.58 

2.75 

3.34 

1.69 

0.98 

1.41 

HilsenhofT  Biotic  Index 

3.60 

4.68 

4.70 

5.83 

5.36 

5.20 

6.27 

6.  lU 

EPT  Index 

16 

10 

6 

15 

4 

7 

2 

0 

6 

Taxonomic  Similaritv  (%) 

100.0 

24.3 

36.4 

17.7 

45.9 

14.6 

18.6 

15.7 

Trophic  Similaritv  (%) 

100.0 

43.9 

60.0 

56.1 

69.1 

31.5 

32.6 

42.7 

Percent  of  Reference 

Taxonomic  Richness 

100.0 

68.4 

110.5 

73.7 

94.7 

52.6 

21.1 

78.9 

Diversity  Index 

100.0 

110.5 

97.0 

103.4 

125.6 

63.5 

36.8 

53.0 

Hilsenhoff  Biotic  Index 

100.0 

99.7 

80.3 

86.3 

87.3 

90.0 

74.6 

76.8 

EPT  Index 

100.0 

60.0 

150.0 

40.0 

70.0 

20.0 

0.0 

60.0 

Taxonomic  Similarity  (%) 

100.0 

24.3 

36.4 

17.7 

45.9 

14.6 

18.6 

15.7 

Trophic  Similaritv  (%) 

100.0 

43.9 

60.0 

56.1 

69.1 

31.5 

32.6 

42.7 

Biological  Condition  Scores 

Taxonomic  Richness 

6 

4 

6 

4 

6 

2 

0 

4 

Diversity  Index 

6 

6 

6 

6 

6 

4 

2 

4 

Hilsenhoff  Biotic  Index 

6 

6 

4 

6 

6 

6 

4 

4 

EPT  Index 

6 

0 

6 

0 

2 

0 

0 

0 

Taxonomic  Similarity  (%) 

6 

2 

4 

0 

6 

0 

0 

0 

Trophic  Similaritv  (%) 

6 

2 

4 

4 

4 

2 

2 

2 

Total  Biological  Score 

Total  Biological  Score 

36 

20 

30 

20 

30 

14 

8 

14 

Bioloaical  % of  Reference 

100 

56 

83 

56 

83 

39 

22 

39 

39 


valleys  of  the  Central  Appalachian  Ridge  and 
Valley  Ecoregion  (Figure  16).  PC  A identified  a 
subset  of  1 8 water  quality  parameters  that  account 
for  most  of  the  variation  in  the  data.  Figures  17 
and  1 8 present  the  results  of  principal  components 
and  cluster  analyses. 

PENN  50.6  is  the  reference  site  for  reference 
category'  67a.  Reference  category  67a  includes 
three  sites  (37.5  percent)  that  support  nonimpaired 
biological  communities.  Of  the  remaining  five 
sites,  two  (25  percent)  show  slight  impairment,  and 
three  (37.5  percent)  are  moderately  impaired.  Five 
of  the  sites  have  excellent  habitat;  three  have 
supporting  conditions.  RBP  III  physical  habitat 
and  biological  data  are  summarized  in  Tables  14 
and  15  (pages  38  and  39)  and  Figure  19. 

Reference  Category  67b 

Sixteen  sample  sites  are  included  in  reference 
category  67b,  sites  with  drainage  areas  of  less  than 
100  square  miles  located  in  the  shale  or  slate  non- 
calcareous  valleys  of  Ecoregion  67  (Figure  20). 
PC  A identifies  a subset  of  18  water  quality 
parameters  that  account  for  most  of  the  variation 
in  the  data.  The  results  of  principal  components 
and  cluster  analyses  are  presented  in 
Figures  2 land  22,  respectively. 

The  reference  category  67b  reference  site  is 
WFIMT  2.2.  The  biological  communities  of  three 
(19  percent)  reference  category  67b  sites  are 
nonimpaired,  five  (3 1 percent)  are  slightly 
impaired,  and  seven  (44  percent)  are  moderately 
impaired.  The  biological  community  of  one  site 
(6  percent)  is  severely  impaired  and  has 
nonsupporting  habitat  conditions.  Habitat 
conditions  are  classified  as  excellent  at  ten  sites 
and  supporting  at  five  sites.  RBP  III  physical 
habitat  and  biological  data  are  summarized  in 
Tables  16  and  17  and  Figure  23. 


Reference  Category  67cd 

Six  sample  sites  are  included  in  reference 
category  67cd.  These  sites  have  drainage  areas  of 
less  than  100  square  miles  and  are  located  in  the 
shale  or  sandstone  ridge  subregions  of  Ecoregion 
67  (Figure  24).  PCA  identifies  a subset  of  19 
water  quality  parameters  that  account  for  most  of 
the  variation  in  the  water  quality  data.  The  results 
of  principal  components  and  cluster  analyses  are 
presented  in  Figures  25  and  26,  respectively. 

STON  0.4  is  the  reference  site  for  reference 
category  67cd.  The  biological  communities  of  half 
of  the  sites  are  nonimpaired.  The  remaining 
communities  are  slightly  impaired.  One  site  in 
67cd  has  supporting  habitat  conditions;  all  others 
are  excellent.  RBP  III  physical  habitat  and 
biological  data  are  summarized  in  Tables  18  and 
19  and  Figure  27. 

Reference  Category  67L 

Reference  category  67L  consists  of  16  sites 
located  in  Ecoregion  67  that  have  drainage  areas  of 
greater  than  100  square  miles  (Figure  28).  PCA 
identified  a subset  of  17  water  quality  parameters 
that  account  for  most  of  the  variation  in  the  data. 
The  results  of  principal  components  and  cluster 
analyses  are  presented  in  Figures  29  and  30, 
respectively. 

PENN  30.0  functions  as  the  reference  site  for 
reference  category  67L.  Of  the  16  sites,  four 
(27  percent)  support  nonimpaired  communities, 
seven  (47  percent)  are  slightly  impaired,  and  three 
(20  percent)  are  moderately  impaired.  Sampling  at 
one  site  produced  no  macroinvertebrates,  and  is 
thus  classified  as  severely  impaired,  and  high  water 
conditions  precluded  sampling  at  SWAT  21.7. 
Habitat  conditions  are  excellent  at  six  of  the  sites, 
supporting  at  seven,  partially  supporting  at  two, 
and  nonsupporting  at  one.  RBP  III  physical  habit 
and  biological  data  are  summarized  in  Tables  20 
and  2 1 and  Figure  3 1 . 
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Figure  1 7.  Ordinations  of  Reference  Category  67a  Sample  Sites  Based  on  Principal  Components 

Analysis  of  Water  Quality  ((a)  PCA  Axis  1 Versus  PCA  Axis  2,  and  (b)  PCA  Axis  1 Versus 
PCA  Axis  3) 
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Figure  1 8.  Cluster  Analysis  of  Water  Quality  Parameters  That  Account  for  Most  of  the  Variability  in 
Reference  Category  67a  Water  Quality  Data 
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Figure  19.  Summary  of  Reference  Category  67a  RBP  III  Biological  and  Habitat  Data 
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Figure  20.  Map  of  Reference  Category  67b  Sample  Sites 
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Figure  21.  Ordinations  of  Reference  Category  67b  Sample  Sites  Based  on  Principal  Components 

Analysis  of  Water  Quality  ((a)  PCA  Axis  1 Versus  PCA  Axis  2,  and  (b)  PCA  Axis  1 Versus 
PCA  Axis  3) 
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Table  16.  Summary  of  Reference  Category  67b  RBP  III  Habitat  Data 


WMHT 

2.2 

ARMS 

0.1 

EMAH 

17.1 

LRLN 

0.8 

LSHM 

0.3 

LSWT 

0.6 

MIDL 

24.7 

MNDA 

0.1 

Primary  Parameters 

Bottom  Substrate 

18 

18 

18 

19 

16 

14 

15 

10 

Embeddedness 

18 

13 

16 

18 

16 

12 

13 

12 

Velocity/Depth  Diversity 

16 

18 

19 

18 

14 

17 

18 

15 

Secondary  Parameters 

Pool/Riffle  Ratio 

13 

13 

14 

13 

14 

13 

13 

12 

Pool  Quality 

12 

11 

14 

14 

11 

11 

14 

11 

RufYle/Run  Quality 

11 

13 

13 

14 

14 

10 

9 

12 

Channel  Alteration 

12 

10 

10 

10 

13 

9 

12 

10 

Tertiary  Parameters 

Streambank  Erosion 

2 

7 

7 

7 

7 

7 

9 

6 

Streambank  Stability 

5 

9 

6 

9 

9 

8 

9 

8 

Streamside  Vegetative  Cover 

7 

7 

9 

8 

9 

6 

9 

7 

Ruparian  Buffer  Zone 

7 

4 

8 

9 

8 

4 

9 

4 

Total  Habitat  Score 

Total  Habitat  Score 

121 

123 

134 

139 

131 

111 

130 

107 

Habitat  % of  Reference 

100 

102 

111 

115 

108 

92 

107 

88 

NMHT 

0.0 

NMID 

0.7 

PAXT 

0.5 

PAXT 

8.4 

POWL 

0.1 

QUIT 

0.3 

SWAT 

39.0 

SWAT 

56.0 

Primary  Parameters 

Bottom  Substrate 

15 

13 

0 

11 

18 

12 

16 

15 

Embeddedness 

15 

13 

5 

10 

13 

13 

16 

13 

Velocity/Depth  Diversity 

14 

18 

1 

13 

18 

17 

19 

6 

Secondary  Parameters 

Pool/Riffle  Ratio 

12 

12 

1 

10 

14 

7 

13 

7 

Pool  Quality 

11 

13 

1 

6 

13 

14 

14 

6 

RifEle/Run  Quality 

11 

13 

1 

10 

10 

10 

12 

10 

Channel  Alteration 

7 

10 

1 

6 

13 

9 

11 

7 

Tertiary  Parameters 

Streambank  Erosion 

3 

6 

9 

7 

8 

5 

8 

6 

Streambank  Stability 

6 

9 

8 

8 

9 

7 

9 

8 

Streamside  Vegetative  Cover 

8 

9 

6 

8 

6 

7 

8 

6 

Riparian  Buffer  Zone 

5 

9 

2 

4 

4 

5 

8 

7 

Total  Habitat  Score 

Total  Habitat  Score 

107 

125 

35 

93 

126 

106 

134 

91 

Habitat  % of  Reference 

88 

103 

29 

77 

104 

88 

111 

75 

48 


Table  17.  Summary  of  Reference  Category  67h  RBP  III  Biological  Data 


WMHT 

2.2 

ARMS 

0.1 

EMAH 

17.1 

LRLN 

0.3 

LSHM 

0.3 

LSWT 

0.6 

MIDL 

24.7 

MNDA 

0.1 

Raw  Data  Summary 

Number  of  Individuals 

116 

101 

332 

139 

144 

100 

129 

100 

Percent  Shredders 

0.9 

1.0 

0.0 

5.8 

0.7 

0.0 

6.2 

0.0 

Percent  Collector-Gatherers  , 

6.9 

9.9 

19.3 

2.9 

13.2 

51.0 

9.3 

26.0 

Percent  Filterer-Collectors 

36.2 

60.4 

66.0 

68.3 

45.8 

12.0 

74.4 

9.0 

Percent  Scrapers 

34.5 

17.8 

8.7 

1.4 

18.8 

37.0 

7.8 

59.0 

Percent  Predators 

21.6 

10.9 

6.0 

21.6 

21.5 

0.0 

2.3 

6.0 

Number  of  EPT  Taxa 

9 

7 

6 

11 

9 

7 

3 

6 

Number  of  EPT  Individuals 

50 

82 

262 

130 

82 

21 

83 

41 

Metric  Scores 

Taxonomic  Richness 

24 

14 

11 

15 

16 

13 

10 

12 

Diversity  Index 

3.72 

2.60 

2.43 

2.51 

3.20 

2.66 

2.56 

3.07 

Hilsenhoff  Biotic  Index 

3,79 

3.92 

3.71 

0.96 

3.49 

5.73 

5.14 

3.38 

EPT  Index 

9 

7 

6 

11 

9 

7 

3 

6 

Taxonomic  Similarity  (%) 

100.0 

18.4 

15.2 

14.9 

56.9 

24.1 

15,5 

22.2 

Trophic  Similarity  (%) 

100.0 

72.7 

57.9 

62.9 

84.1 

53.4 

54,1 

56.4 

Percent  of  Reference 

Taxonomic  Richness 

100.0 

58.3 

45.8 

62.5 

66.7 

54,2 

41.7 

50.0 

Diversity  Index 

100.0 

69.9 

65.3 

67.5 

86.0 

71.5 

68.8 

82.5 

Hilsenhoff  Biotic  Index 

100.0 

96.7 

102.3 

393.5 

108.8 

66.2 

73.8 

112.2 

EPT  Index 

100.0 

77.8 

66.7 

122.2 

100.0 

77.8 

33.3 

66.7 

Taxonomic  Similaritv  (%) 

100.0 

18.4 

15.2 

14.9 

56.9 

24.1 

15.5 

22.2 

Trophic  Similaritv  (%) 

100,0 

72.7 

57.9 

62.9 

84.1 

53.4 

54.1 

56.4 

Biological  Condition  Scores 

Taxonomic  Richness 

6 

2 

2 

4 

4 

2 

2 

2 

Diversity  Index 

6 

4 

4 

4 

6 

4 

4 

6 

Hilsenhoff  Biotic  Index 

6 

6 

6 

6 

6 

2 

4 

6 

EPT  Index 

6 

2 

0 

6 

6 

2 

0 

0 

Taxonomic  Similarity  (%) 

6 

0 

0 

0 

6 

2 

0 

2 

Trophic  Similaritv  ('%) 

6 

4 

4 

4 

6 

4 

4 

4 

Total  Biological  Score 

Total  Biological  Score 

36 

18 

16 

24 

34 

16 

14 

20 

Biological  % of  Reference 

100 

50 

44 

67 

94 

44 

39 

56 

49 


Table  1 7.  Summary  of  Reference  Category  67b  RBP  III  Biological  Data — Continued 


NMHT 

0.0 

NMID 

0.7 

PAXT 

8.4 

FOWL 

0.1 

QUIT 

0.3 

SWAT 

39.0 

SWAT 

56.0 

Raw  Data  Summary 

Number  of  Individuals 

214 

117 

102 

144 

100 

112 

40 

Percent  Shredders 

6.5 

1.7 

15.7 

0.0 

60.0 

0.0 

2.5 

Percent  Collector-Gatherers 

40.2 

44.4 

24.5 

41.0 

2.0 

8.9 

30.0 

Percent  Filterer-Collectors 

29.4 

24.8 

6.9 

47.9 

16.0 

77.7 

2.5 

Percent  Scrapers 

20.6 

20.5 

52.9 

6.9 

19.0 

9.8 

12.5 

Percent  Predators 

3.3 

8.5 

0.0 

4.2 

3.0 

3.6 

52.5 

Number  of  EPT  Taxa 

11 

7 

5 

8 

2 

9 

3 

Number  of  EPT  Individuals 

105 

37 

19 

127 

13 

102 

3 

Metric  Scores 

Taxonomic  Richness 

20 

18 

11 

15 

13 

15 

8 

Diversity  Index 

3.56 

2.96 

2.64 

2.42 

2.43 

2.68 

1.89 

Hilsenhoff  Biotic  Index 

5.10 

5.32 

5.37 

4.77 

5.53 

4.36 

5.90 

EPT  Index 

11 

7 

5 

8 

2 

9 

3 

Taxonomic  Similarity  (%) 

33.3 

34.3 

22.2 

10.8 

14.8 

32.5 

21.8 

Trophic  Similarity  (%) 

61.0 

61.6 

49.1 

54.2 

40.9 

56.5 

44.3 

Percent  of  Reference 

Taxonomic  Richness 

83.3 

75.0 

45.8 

62.5 

54.2 

62.5 

33.3 

Diversity  Index 

95.7 

79.6 

71.0 

65.1 

65.3 

72.0 

50.8 

Hilsenhoff  Biotic  Index 

74.4 

71.2 

70.6 

79.5 

68.6 

87.1 

64.3 

EPT  Index 

122.2 

77.8 

55.6 

88.9 

22.2 

100.0 

33.3 

Taxonomic  Similarity  (%) 

33.3 

34.3 

22.2 

10.8 

14.8 

32.5 

21.8 

Trophic  Similaritv  (%) 

61.0 

61.6 

49.1 

54.2 

40.9 

56.5 

44.3 

Biolo^cai  Condition  Scores 

Taxonomic  Richness 

6 

4 

2 

4 

2 

4 

0 

Diversity  Index 

6 

6 

4 

4 

4 

4 

4 

Hilsenhoff  Biotic  Index 

4 

4 

4 

4 

2 

6 

2 

EPT  Index 

6 

2 

0 

4 

0 

6 

0 

Taxonomic  Similarity  (%) 

4 

4 

2 

0 

0 

2 

2 

Trophic  Similaritv  (%) 

4 

4 

2 

4 

2 

4 

2 

Total  Biological  Score 

Total  Biological  Score 

30 

24 

14 

20 

10 

26 

10 

Biological  % of  Reference 

83 

67 

39 

56 

28 

72 

28 

50 


o 

CN 


51 


Figure  23.  Summury  of  Reference  Category  67b  RBP  III  Biological  and  Habitat  Data 


52 


Figure  24.  Mtp  of  Reference  Category  67 cd  Satnpie  Sites 
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Figure  25.  Ordinations  of  Reference  Category  67 cd  Sample  Sites  Based  on  Principal  Components 
Analysis  of  Water  Quality  ((a)  PCA  Axis  I Versus  PCA  44.\7\s'  2,  and  (b)  PC  A I Versus 

PCA  Axis  3) 
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Figure  26.  Cluster  Analysis  of  Water  Quality  Parameters  That  Account  for  Most  of  the  Variability  in 
Reference  Category  67 cd  Water  Quality  Data 
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Table  18.  Summary  of  Reference  Category  67cd  RBP  III  Habitat  Data 


STON 

CLRK 

DEEP 

EPIN 

EPIN 

LRLS 

0.4 

3.3 

1.2 

0.1 

12.7 

0.5 

Primarv  Parameters 

Bottom  Substrate 

19 

18 

18 

19 

13 

17 

Embeddedness 

15 

15 

14 

13 

16 

17 

Velocity/Depth  Diversity  , 

18 

13 

17 

17 

19 

17 

Secondary  Parameters 

Pool/RitTle  Ratio 

14 

6 

13 

9 

13 

13 

Pool  Quality 

14 

6 

12 

12 

14 

12 

Rit'fle/Run  Quality 

13 

8 

12 

12 

14 

12 

Channel  Alteration 

10 

11 

13 

13 

13 

12 

Tertiary  Parameters 

Streambank  Erosion 

8 

9 

8 

7 

9 

7 

Streambank  Stability 

9 

9 

8 

9 

8 

9 

Streamside  Vegetative  Cover 

8 

7 

9 

8 

8 

9 

Riparian  Buffer  Zone 

4 

4 

4 

4 

6 

4 

Total  Habitat  Score 

Total  Habitat  Score 

132 

106 

128 

123 

133 

129 

Habitat  % of  Reference 

100 

80 

97 

93 

101 

98 
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Table  1 9.  Summary  of  Reference  Category  6 7cd  RBP  III  Biological  Data 


STON 

0.4 

CLRK 

3.3 

DEEP 

1.2 

EPIN 

0.1 

EPIN 

12.7 

LRLS 

0.5 

Raw  Data  Summary 

Number  of  Individuals 

117 

102 

119 

149 

171 

41 

Percent  Shredders 

6.0 

4.9 

0.8 

2.7 

0.6 

2.4 

Percent  Collector-Gatherers 

27.4 

24.5 

4.2 

31.5 

69.6 

24.4 

Percent  Filterer-Collectors 

42.7 

30.4 

57.1 

45.6 

21.6 

39.0 

Percent  Scrapers 

6.0 

14.7 

26.9 

9.4 

2.9 

4.9 

Percent  Predators 

17.9 

25.5 

10.9 

10.7 

5.3 

29.3 

Number  of  EPT  Taxa 

10 

16 

9 

7 

12 

6 

Number  of  EPT  Individuals 

84 

63 

87 

114 

67 

26 

Metric  Scores 

Taxonomic  Richness 

19 

24 

16 

14 

19 

13 

Diversity  Index 

3.62 

4.21 

3.12 

2.71 

2.44 

3.21 

Hilsenhoff  Biotic  Index 

3.81 

3.56 

3.30 

4.57 

5.91 

4.61 

EPT  Index 

10 

16 

9 

7 

12 

6 

Taxonomic  Similarity  (%) 

100.0 

38.4 

40.7 

36.8 

34.7 

30.4 

Trophic  Similarity  (%) 

100.0 

83.7 

64.68 

89.5 

57.8 

88.7 

Percent  of  Reference 

Taxonomic  Richness 

100.0 

126.3 

84.2 

73.7 

100.0 

68.4 

Diversity  Index 

100.0 

116.3 

86.2 

74.9 

67.4 

88.7 

Hilsenhoff  Biotic  Index 

100.0 

107.1 

115.4 

83.4 

64.5 

82.7 

EPT  Index 

100.0 

160.0 

90.0 

70.0 

120.0 

60.0 

Taxonomic  Similarity  (%) 

100.0 

38.4 

40.7 

36.8 

34.7 

30.4 

Trophic  Similaritv  (%) 

100.0 

83.7 

64.7 

89.5 

57.8 

88.7 

Biolo^cal  Conation  Scores 

Taxonomic  Richness 

6 

6 

6 

4 

6 

4 

Diversity  Index 

6 

6 

6 

4 

4 

6 

Hilsenhoff  Biotic  Index 

6 

6 

6 

4 

2 

4 

EPT  Index 

6 

6 

6 

2 

6 

0 

Taxonomic  Similarity  (%) 

6 

4 

4 

4 

4 

2 

Trophic  Similaritv  (%) 

6 

6 

4 

6 

4 

6 

Total  Biological  Score 

Total  Biological  Score 

36 

34 
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24 

26 

22 

Biological  % of  Reference 

100 

94 
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72 
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Figure  2 7.  Summary  of  Reference  Category  6 7cd  RBP  HI  Biological  and  Habitat  Data 
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Figure  28.  Map  of  Reference  Category  67L  Sample  Sites 
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Figure  29.  Ordinations  of  Reference  Category  67L  Sample  Sites  Based  on  Principal  Components 

Analysis  of  Water  Quality  ((a)  PC  A Axis  I Versus  PCA  Axis  2.  and  (h)  PCA  Axis  1 Versus 
PCA  Axis  3) 
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Figure  30.  Cluster  Analysis  of  Water  Quality  Parameters  That  Account  for  Most  of  the  Variability  in 
Reference  Category  67L  Water  Quality  Data 
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Table  20.  Summary  of  Reference  Category  6 7L  RBP  III  Habitat  Data 


PENN 

CONO 

CONO 

CONO 

CONO 

EMAH 

MHNY 

MIDL 

30.0 

1.3 

28.3 

51.3 

66.0 

0.2 

0.3 

0.7 

Primary  Parameters 

Bottom  Substrate 

18 

6 

8 

15 

12 

16 

18 

10 

Embeddedness 

14 

9 

12 

11 

12 

14 

11 

11 

Velocity /Depth  Diversity 

19 

8 

9 

17 

18 

18 

18 

16 

Secondary  Parameters 

Pool/Riffle  Ratio 

14 

3 

4 

6 

9 

13 

14 

9 

Pool  Quality 

14 

9 

9 

12 

12 

14 

13 

12 

Riffle/Run  Quality 

14 

11 

11 

12 

9 

11 

13 

7 

Channel  Alteration 

13 

12 

10 

8 

13 

11 

13 

12 

Tertiary  Parameters 

Streambank  Erosion 

7 

5 

5 

7 

5 

8 

9 

8 

Streambank  Stability 

7 

7 

8 

7 

9 

9 

9 

8 

Streamside  Vegetative  Cover 

8 

7 

6 

6 

7 

9 

8 

9 

Riparian  Buffer  Zone 

7 

2 

3 

4 

4 

5 

4 

8 

Total  Habitat  Score 

Total  Habitat  Score 

135 

79 

85 

105 

110 

128 

130 

110 

Habitat  % of  Reference 

100 

59 

63 

78 

81 

95 

96 

81 

PENN 

SHAM 

SHRM 

SHRM 

SWAT 

WICO 

YLBR 

YLBR 

5.0 

2.7 

2.0 

27.5 

21.7 

0.3 

3.4 

35.7 

Primary  Parameters 

Bottom  Substrate 

18 

4 

14 

16 

14 

13 

10 

8 

Embeddedness 

15 

7 

17 

14 

13 

17 

9 

8 

Velocitv/Depth  Diversity 

18 

16 

18 

14 

12 

18 

18 

17 

Secondary  Parameters 

Pool/RifQe  Ratio 

11 

11 

10 

11 

8 

12 

11 

13 

Pool  Quahty 

12 

14 

11 

13 

12 

13 

10 

11 

Rifffe/Run  Quality 

13 

6 

13 

13 

11 

13 

13 

12 

Channel  Alteration 

12 

12 

13 

12 

10 

11 

12 

10 

Tertiary  Parameters 

Streambank  Erosion 

9 

8 

7 

7 

7 

7 

7 

8 

Streambank  Stability 

9 

8 

9 

9 

8 

9 

9 

9 

Streamside  Vegetative  Cover 

8 

9 

6 

4 

8 

8 

8 

9 

Riparian  Buffer  Zone 

4 

5 

4 

6 

4 

4 

5 

5 

Total  Habitat  Score 

Total  Habitat  Score 

129 

100 

122 

119 

107 

125 

112 

110 

Habitat  % of  Reference 

96 

74 

90 

88 

79 

93 

83 

81 

61 


Table  21.  Summary  of  Reference  Category  67L  RHP  III  Biological  Data 
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Figure  31.  Summary  of  Reference  Cate}>ory  67L  RBPIII  Biological  and  Habitat  Data 


Susquehanna  River  Sites 

Six  sample  sites  on  the  Susquehanna  River 
(Figure  32)  were  assessed  for  habitat,  biological 
health,  and  w-ater  quality.  Additionally,  a water 
sample  was  taken  at  the  Conowingo  Dam 
(SUSQ  10.0)  to  survey  water  quality  near  the 
mouth.  A subset  of  1 8 parameters  that  account  for 
most  the  variation  in  the  data  were  identified  by 
PCA.  The  results  of  principal  components  and 
cluster  analyses  are  presented  in  Figures  33  and 
34,  respectively. 

Biological  conditions  at  three  of  the  six 
surveyed  sites  are  nonimpaired,  and  the  remaining 
three  are  slightly  impaired.  Habitat  conditions  are 
excellent  at  all  sites.  RBP  III  physical  habitat  and 
biological  data  are  summarized  in  Tables  22  and 
23  and  Figure  35. 
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Figure  32.  Map  of  Susquehanna  River  Sample  Sites 
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Figure  33.  Ordination  of  Susquehanna  River  Sample  Sites  Based  on  Principal  Components  Analysis 
of  Water  Quality  ((a)  PCA  Axis  1 Versus  PCA  Axis  2,  and  (b)  PCA  Axis  1 Versus  PCA 
Axis  3) 
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Figure  34.  Cluster  Analysis  of  Water  Quality  Parameters  That  Account  for  Most  of  the  Variability  in 
Susquehanna  River  Sample  Sites  Water  Quality  Data 
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Table  22.  Summary  of  Susquehanna  River  RBPIII  Habitat  Data 


SUSQ 

77.0 

SUSQ 

44.5 

SUSQ 

57.0 

SUSQ 

94.0 

SUSQ 

106.0 

SUSQ 

122.0 

Primary  Parameters 

Bottom  Substrate 

14 

16 

15 

15 

11 

17 

Embeddedness 

8 

17 

15 

12 

17 

17 

Velocity/Depth  Diversitv 

13 

17 

14 

17 

18 

18 

Secondary  Parameters 

Pool/Riffle  Ratio 

11 

13 

7 

6 

7 

7 

Pool  Quality 

14 

13 

11 

11 

13 

13 

RifTle/Run  Quality 

12 

12 

5 

11 

13 

11 

Channel  Alteration 

10 

12 

7 

7 

14 

11 

Tertiary  Parameters 

Streambank  Erosion 

7 

7 

5 

3 

6 

7 

Streambank  Stability 

8 

7 

7 

8 

5 

8 

Streamside  Vegetative  Cover 

5 

6 

7 

7 

5 

9 

Riparian  Buffer  Zone 

4 

5 

6 

5 

2 

5 

Total  Habitat  Score 

Total  Habitat  Score 

106 

125 

99 

102 

111 

123 

Habitat  % of  Reference 

100 

118 

93 

96 

105 

116 
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Table  23.  Summary  of  Susquehanna  River  RBP  III  Biological  Data 


SUSQ 

77.0 

SUSQ 

44.5 

SUSQ 

57.0 

SUSQ 

94.0 

SUSQ 

106.0 

SUSQ 

122.0 

Rmv  Data  Suttunaty 

Number  of  Individuals 

100 

103 

105 

111 

101 

114 

Percent  Shredders 

8.0 

0.0 

41.0 

20.7 

1.0 

1.8 

Percent  Collector-Gatherers 

39.0 

53.4 

4.8 

18.9 

9.9 

21.9 

Percent  Filterer-Collectors  , 

22.0 

24.3 

17.1 

4.5 

38.6 

49.1 

Percent  Scrapers 

26.0 

14.6 

30.5 

50.5 

20.8 

7.9 

Percent  Predators 

5.0 

7.8 

6.7 

5.4 

29.7 

19.3 

Number  of  EPT  Taxa 

10 

8 

6 

13 

9 

7 

Number  of  EPT  Individuals 

75 

91 

34 

36 

65 

75 

Metric  Scores 

Taxonomic  Richness 

16 

17 

16 

25 

18 

15 

Diversity  Index 

3.42 

2.78 

3.03 

3.58 

3.43 

3.01 

HilsenholT  Biotic  Index 

4.16 

4.48 

5.81 

4.96 

3.40 

3.01 

EPT  Index 

10 

8 

6 

13 

9 

7 

Taxonomic  Similarity  (%) 

100.0 

26.9 

37.9 

29.3 

29.6 

19.6 

Trophic  Similarity  (%) 

100.0 

83.9 

70.0 

63.6 

60.4 

59.7 

Percent  of  Reference 

Taxonormc  Richness 

100.0 

106.3 

100.0 

156.3 

112.5 

93.8 

Diversity  Index 

100.0 

100.3 

104.7 

88.6 

81.3 

88.0 

Hilsenhoff  Biotic  Index 

100.0 

92.9 

71.6 

83.8 

122.5 

138.3 

EPT  Index 

100.0 

80.0 

60.0 

130.0 

90.0 

70.0 

Taxonomic  Similarity  (%) 

100.0 

26.9 

37.9 

29.3 

29.6 

19.6 

Trophic  Similantv  (%) 

100.0 

83.9 

70.0 

63.6 

60.4 

59.7 

Biolosical  Condition  Scores 

Taxonomic  Richness 

6 

6 

6 

6 

6 

6 

Diversity  Index 

6 

6 

6 

6 

6 

6 

Hilsenhoff  Biotic  Index 

6 

6 

4 

4 

6 

6 

EPT  Index 

6 

4 
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6 

6 

2 

Taxonomic  Similarity  (%) 

6 

2 

4 

2 

2 

0 

Trophic  Similaritv  (%) 

6 

6 

4 

4 

4 

4 

Total  Biological  Score 

Total  Biological  Score 

36 

30 

24 

28 

30 

24 

Biological  % of  Reference 

100 

83 

67 

78 
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Figure  35.  Summary  of  Susquehanna  River  Sample  Sites  RBP  III  Biological  and  Habitat  Data 


BIOASSESSMENT  OF  STREAMS 
AND  RIVERS 

For  discussion  purposes,  the  streams  in  the 
various  reference  categones  of  the  Lower 
Susquehamia  Subbasin  are  further  grouped  into 
northern,  central,  and  southern  sections.  The 
boundary'  between  the  northern  and  the  central 
section  is  at  the  confluence  of  the  Juniata  River 
with  the  Susquehanna  River.  The  southern  section 
lies  entirely  within  the  Northern  Piedmont 
ecoregion.  and  includes  all  Mainland  sites;  East 
and  West  Branches  of  the  Conewago  Creek  mark 
its  upper  boundaries  The  di.stribution  of  the 
sample  sites  within  these  categories  is  outlined  at 
the  beginning  of  each  section. 

This  separation  of  the  subbasin  is  based  on 
hydrologic  unit  codes.  Within  reference  area  67a. 
a definite  division  exists  in  water  qualiU’  between 
streams  located  in  the  northern  section  and  those 
designated  as  central  streams.  (See  Figures  17  and 
18.)  Northern  section  streams  tend  to  have 
significantly  lower  total  nitrate,  and  are  lower  in 
ions,  especially  chloride.  Tliey  also  have  higher 
total  phosphorus  and  zinc  values  than  all  the 
centrally-located  streams  except  Middle  Spnng 
(MISP  0.5).  Furthermore,  the  southern  section  is 
composed  exclusively  of  streams  in  the  Northern 
Piedmont  Ecoregion  (Ecoregion  64).  SWAT  2.3 
and  EC  ON  0.0  are  the  only  Ecoregion  64  sites  not 
located  in  the  southern  section  of  the  subbasin. 

Northern  Section  Streams 

Figure  1 (page  2)  shows  northern  section 
streams  and  sample  sites. 

Sample  sites  located  m the  northern  section  are 
listed  below  with  their  reference  categoiy 
designations. 


67a  1 67b 

ELKN  0. 1 

PENN  50.6 

\VPIN0.8 

ARMS  0. 1 

EMAH  17.1 

EMAH  0.2 

LRLN  0.8 

LSHM  0.8 

MIDL  24.7 

NMHT  0.0 

NTVIID  0.7 

POWL  0.1 

WMHT  2.2 

67cd 

67L 

DEEP  1.2 

EPIN  0.1 

EPIN  12.7 

MHNY0.3 

MIDL  0.7 

PENN  30.0 

SHAM  2.7 

SUSQ  94.0 

SUSQ  106.0 

SUSQ  122.0 

WICO  0.3 

Shamokin  Creek 

Little  Shamokin  Creek  joins  Shamokin  Creek 
just  west  of  Sunbur\-.  At  site  LSHM  0.8,  Little 
Shamokin  Creek  offers  habitat  comparable  to  the 
reference  site,  and  is  biologically  nonimpaired. 
The  most  similar  community  structure  to  the  67b 
reference  site  also  is  found  at  LSHM  0.8.  Its 
Hilsenhoff  biotic  index  reflects  the  presence  of 
pollution-intolerant  genera  such  as  Centyoptilum 
(Ephemeroptera:  Baetidae),  Isonychia 

(Ephemeroptera;  Isonychiidae),  and  Acroneuna 
(Plecoptera:  Perlidae). 

Below  Shamokin  Dam.  Shamokin  Creek  flows 
from  the  east  to  join  the  Susquehanna  River. 
Extensive  degradation  from  acid  mine  drainage 
(AMD)  has  been  documented  m Shamokin  Creek 
for  several  decades.  Abandoned  deep  mines  are 
thought  to  be  the  principal  source  of  the  pollution. 
Attempts  at  abatement  were  begun  m the  earh' 
1970s  (Gannett  Fleming  Corddiy  and  Carpenter. 
Inc..  1972).  However,  the  creek  continues  to 
suffer  from  severe  AMD  pollution.  Near  its  mouth 
(SHAM  2.7).  diagnostic  ''yellow  boy"  precipitate 
is  present,  and  no  macromvertebrates  are  apparent 
Other  characteristics  of  AMD  are  evident  from 
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water  qiialit\'  anah'sis:  a ver}'  low  pH,  high 
conductivitv'.  and  high  concentrations  of  sulfate, 
copper,  iron.  lead,  manganese,  nickel,  zinc,  and 
aluminum. 

Penns  Creek  Watershed 


Sample  sites  located  in  the  Penns  Creek 
Watershed  arc  shcvvTi  below  with  their  reference 
category-  designations. 


67a 

67b 

67L 

ELKN  0.1 

PENN  50.6 
WPIN  0.8 

LRLN  0.8 

MIDL  24.7 
NWIID  0.7 

MIDL  0.7 

PENN  5.0 

PENN  30.0 

Penns  Creek  and  its  tributaries  are  located  in 
central  Pennsy  lvania.  The  biological  communities 
of  the  three  sampling  sites  on  Penns  Creek 
demonstrate  nonimpairment  and  the  sites  have 
excellent  habitat.  Two  of  these  sites,  PENN  50.6 
and  PENN  30.0,  are  reference  sites  for  their 
respective  reference  categories.  PENN  50.6  has 
relatively  elevated  levels  of  metals  (including  the 
highest  values  for  total  aluminum,  lead,  and  iron  in 
reference  category  67a).  but  these  are  attributed  to 
the  stream's  subterranean  origin  at  Penn's  Cave 
near  Centre  Hall  (McMorran.  1987). 

Pine  Creek  flows  west  from  its  headwaters  to 
meet  Elk  Creek,  and  then  enters  Penns  Creek  at 
Cobum.  Upstream  from  its  confluence  with  Elk 
Creek,  biological  conditions  at  Pine  Creek  (WPIN 
0.8)  are  moderately  impaired.  Seventy-eight 
percent  of  the  100-organism  subsample  consists  of 
Chironomidae  (Diptera).  Consequently,  the 
Hilsenhoff  index  score  is  a considerable  6.10, 
diversity  is  low,  and  the  site  is  not  biologically 
similar  to  the  other  northern  section  67a  sites.  In 
comparison  with  the  other  67a  streams,  which  tend 
to  be  highly  alkaline  and  calcium-rich,  WPIN  0.8 
has  low  alkalinity,  low  calcium,  and  high  acidity. 
Total  residuals  and  zinc  are  present  in  elevated 
concentrations.  while  sulfate  and  ion 
concentrations  are  low.  (Refer  to  Figure  17.)  The 
primary  cause  of  impairment  appears  to  be  habitat 
degradation  from  a dam  upstream  of  the  site, 
which  negatively  impacts  substrate,  velocity/depth 
diversity’  ratio,  and  pool  and  riffle  quality.  WPIN 


0.8  receives  one  of  the  lowest  habitat  scores  in  the 
reference  area.  Low  nutnent  and  total  organic 
carbon  (TOC)  values  suggest  that  neither 
agricultural  mnoff  nor  sewage  significantly 
contnbutes  to  stream  degradation. 

The  biological  community’  of  Elk  Creek  above 
Its  confluence  with  Pine  Creek  (ELKN  0.1)  shows 
nonimpairment.  Biological  metnes  are  good  to 
excellent:  both  the  taxonomic  richness  (21  taxa) 
and  EPT  index  are  greater  than  that  of  the 
reference  site.  The  Hilsenhoff  index  score  is 
somewhat  high  at  ELKN  0.1,  because  over  half  of 
the  macroinvertebrates  sampled  are  Chironomidae. 
Water  quality’  parameters  such  as  low  total  nitrate 
and  an  elevated  lead  concentration  are  somewhat 
similar  to  PENN  50.6. 

Of  the  Penns  Creek  sites,  PENN  30.0  is 
biologically  the  best  quality'  site,  with  a Hilsenhoff 
index  of  3.27  and  an  EPT  index  of  15.  It  functions 
as  the  reference  site  for  reference  category  67L. 

Laurel  Run  enters  Penns  Creek  near  Laurelton. 
Laurel  Run  at  site  LRLN  0.8  offers  good  water 
quality’  and  better  habitat  than  the  reference  site. 
The  site  has  high  dissolved  oxygen  (DO) 
concentrations  with  low  amounts  of  ions,  nitrite, 
and  ammonia.  Site  LRLN  0.8  is  classified  as 
slightly  biologically  impaired  with  low  taxonomic 
similanty  to  the  reference  site.  However,  it  also 
boasts  the  lowest  Hilsenhoff  index  (0.96)  in  the 
entire  survey,  as  well  as  a high  EPT  index  for  the 
reference  category.  These  metrics  are  the  result  of 
a high  density  (52  percent)  of  Dolophilodes 
(Trichoptera;  Philopotamidae),  a pollution- 
intolerant  filter-feeder. 

Middle  Creek  is  the  largest  tributary  to  Penns 
Creek.  North  Branch  Middle  Creek  enters  Middle 
Creek  near  Benfer.  Biological  conditions  are 
slightly  impaired  at  NMID  0.7.  Water  qualitv’  is 
near  the  mean  for  the  reference  category',  and 
habitat  is  excellent. 

South  of  Benfer.  at  site  MIDL  24.7,  Middle 
Creek  is  moderately  impaired.  Taxonomic 
richness  and  EPT  index  scores  are  poor.  The  site 
has  high  values  for  TOC  (5.5  mg/L)  and  total 
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iiitnte.  Habitat  conditions  are  excellent.  Water 
qualiU'  appears  to  improve  somewhat  at  the  mouth 
(MIDL  0.7),  as  the  TOC  and  nitrite  concentrations 
are  reduced.  However,  total  iron  concentration  is 
much  higher  than  at  MIDL  24.7.  and  TOC  remains 
high  relative  to  other  reference  category'  67L  sites. 
The  slightly  impaired  biological  community  at 
MIDL  0.7  exhibits  a corresponding  improvement, 
although  the  habitat  conditions  decline.  WTiile  the 
EPT  index  remains  low.  it  is  much  lower  at  the 
upstream  station;  all  other  scores  at  MIDL  0.7  are 
supenor  to  those  of  MIDL  24.7. 

Brezina  (1980)  and  McMorran  (1986)  found 
indications  of  minor  water  qualiW  degradation  in 
Middle  Creek,  mostly  due  to  municipal  discharges. 
Water  qualiW  analysis  suggests  that  these 
discharges  continue  to  be  a source  of  biological 
impairment.  Several  permitted  discharges  are 
located  on  Middle  Creek,  including  the  sewage 
treatment  plants  (STPs)  of  Middlecreek.  Franklin, 
Kreamer.  and  Middleburg. 

Near  the  confluence  of  Penns  Creek  with  the 
Susquehanna  River,  conditions  on  Penns  Creek 
continue  to  be  excellent.  Site  PENN  5.0.  adjacent 
to  the  airport  in  Selinsgrove,  has  the  most  diverse 
biota  in  reference  categoiy  67L.  Overall,  the  data 
collected  during  this  survey  indicate  that  the 
condition  of  Penns  Creek  watershed  is  comparable 
to  that  observed  by  McMorran  (1986). 

Mahanov  Creek 

Mahanoy  Creek  is  significantly  affected  by 
AMD.  At  site  MHNY  0.3,  it  has  the  greatest 
amount  of  dissolved  residuals  in  the  entire 
survey — 894  mg/L.  Insoluble  coal  dust  is  visible 
on  the  riverbed.  Tlie  large  loads  of  magnesium, 
sulfate,  iron,  manganese,  nickel,  zinc,  and 
aluminum  at  site  MHNY  0.3  also  are  diagnostic  of 
AMD  pollution.  Only  eight  genera  from  three 
orders  (Tnchoptera.  Diptera,  and  Coleoptera)  are 
present.  Improvement  m water  quality  since  the 
last  survey  is  doubtful.  While  the  1986  study  lists 
greater  concentrations  of  metals  and  six  less  taxa 


than  are  now  found  at  site  MHNY  0.3.  water 
quality  and  biotic  indices  are  similar  to  Brezina' s 
1980  surv'ey. 

West  Mahantanqo  Creek 

West  Mahantango  Creek  marks  the  boundar\- 
between  Juniata  and  Sn\der  Counties.  The  sample 
site  on  West  Mahantango  Creek  (W.MHT  2.2) 
ser\  es  as  the  reference  site  for  reference  categoix 
67b.  The  biological  community  at  WTJMT  2.2  has 
a diversity  index  of  3.72  and  a taxonomic  richness 
of  24  genera.  North  Branch  Mahantango  Creek, 
its  tnbutaiy-.  has  rather  similar  water  chemistix'. 
but  has  slightly  higher  concentrations  of  TOC. 
total  iron,  and  total  aluminum  (Figure  21).  The 
biological  community  in  the  North  Branch  at 
NMHT  0.0  also  is  nonimpaired.  Little 
development  is  present  at  NMHT  0.0;  however, 
habitat  is  rated  as  supporting,  rather  than 
excellent,  pnmanly  due  to  degraded  habitat 
conditions  associated  with  streambank  erosion. 

East  Mahantanqo  Creek  Watershed 


Sample  sites  located  in  the  East  Mahantango 
Creek  Watershed  are  shown  below  with  their 
reference  categoiy  designations. 


67  b 

67cd 

67L 

EMAH  17.1 

DEEP  1.2 

EPIN  0.1 

EPIN  12.7 

EMAH  0.2 

East  Mahantango  Creek  flows  at  the  foot  of 
Mahantango  Mountain.  The  lower  half  forms  the 
boundary’  between  Northumberland  and  Dauphin 
Counties.  Pine  Creek,  one  of  its  tributaries,  enters 
East  Mahantango  Creek  at  Klingerstown. 
Biological  conditions  at  station  EMAH  17.1. 
upstream  of  its  Pine  Creek  confluence,  appear  to 
be  moderately  impaired.  Tlie  low  biological  score 
is  mainly  due  to  the  predominance  of  three  taxa. 
Man>'  individuals  were  collected,  but  members  of 
Chironomidae.  Isonychia.  and  Hydropsyche 
(Tnchoptera;  Hydropsychidae)  compose 
81  percent  of  all  specimens.  Isonychia  alone 
compnse  more  than  one-third  of  the  sample.  .\s 
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illustrated  in  Figure  21,  water  quality  is  fairly 
similar  to  the  other  sites  in  the  reference  categoty', 
and  habitat  is  excellent. 

Biological  conditions  at  Pine  Creek  are  slightly 
impaired.  EPIN  12.7  has  a Hilsenhoff  index  of 
5.91.  The  site  has  a low  diversity  for  the  reference 
categoty',  which  reflects  the  large  percentage  of 
Chironomidae  in  the  sample.  A number  of 
pollution-tolerant  genera  are  found,  although  only 
one  or  two  individuals  represent  each  genus. 
Vjvipanis  (Gastropoda:  Physidae),  Acroneuna 
(Plecoptera:  Perlidaeh  Leiictra  (Plecoptera: 

Leuctricidae).  Dninella  (Ephemeroptera: 
EphemerelhdaeT  and  Sisyra  (Megaloptera; 
Sisyridael  are  present.  Raush  Creek,  a tnbutaty'  of 
Pine  Creek,  has  a Pa.  DEP  acid  mine  dramage 
treatment  facility.  Water  quality  at  EPIN  12.7  is 
particularly  sulfate-nch,  and  displays  greater  than 
average  levels  of  manganese,  magnesium,  calcium, 
hardness,  and  residuals.  The  unique  water  quality' 
for  the  reference  category  is  clearly  illustrated  by 
Figures  25  and  26. 

Deep  Creek's  biological  community  exhibits 
nommpairment  about  a mile  upstream  from  its 
confluence  with  Pine  Creek  (DEEP  1,2).  The 
Hilsenhoff  biotic  index  is  a low  3.30,  which 
descnbes  a community  more  organic  pollution- 
intolerant  than  average  in  the  Lower  Susquehanna 
Subbasin.  Although  water  quality'  appears 
acceptable,  it  is  clearly  influenced  by  mining 
activity  in  the  area,  and  is  most  similar  to 
EPfN  0.1,  Pine  Creek  carries  a greater  load  of 
metals  than  Deep  Creek,  but  levels  of  metals  in 
Deep  Creek  are  high  in  companson  with  other 
streams  m 67cd.  Concentrations  of  total  residuals 
are  the  highest  in  the  reference  category. 

Biological  metrics  describing  the  mouth  of 
Pine  Creek  (EPfN  0.1)  are  poor  to  fair,  and  slight 
impairment  exists.  Water  quality  analysis  reveals 
elevated  levels  of  sulfate,  iron,  and  metals, 
particularly  lead  and  aluminum.  McMorran 
(1986)  ascribes  the  condition  of  Pine  Creek  to 
AMD  pollution. 

DowTistream  on  East  Mahantango  Creek  at 
EM  AH  0.2.  taxonomic  richness  and  diversity 


increase.  The  taxonomic  and  trophic  structures  of 
the  biological  community'  are  dissimilar  to  those  of 
the  reference  site  at  PENN  30.0.  (Heptageniidae 
[Ephemeroptera]  is  the  dominant  family.) 
Therefore,  biological  conditions  are  classified  as 
slightly  impaired.  Agncultural  runoff  appears  to 
affect  water  quality;  both  sites  are  nitrate-rich,  and 
EMAH  0,2  has  an  anomalously  high  concentration 
of  dissolved  phosphorus. 

Wiconisco  Creek 

Wiconisco  Creek  flows  into  the  Susquehanna 
River  at  Millersburg.  Lower  Wiconisco  Creek  can 
be  desenbed  as  recovering  from  AMD.  In  1966, 
LaBuy  (1966)  documented  that  the  whole  stream 
was  degraded.  Brezina  (1980)  and  McMorran 
(1986)  reported  recovery  in  lower  reaches, 
particularly  10  miles  below  the  headwaters  and 
beyond. 

Although  progress  has  been  made  since  1966, 
signs  of  slight  biological  impairment  characterize 
Wiconisco  Creek  at  WICO  0.3.  Elevated  total  iron 
and  sulfate  concentrations,  as  well  as  trace  metals 
such  as  aluminum,  nickel,  and  zinc,  indicate  minor 
contamination  from  the  AMD-polluted  upper 
reaches. 

Armstrong  Creek 

The  combination  of  water  quality  parameters 
present  at  ARMS  0.1,  just  north  of  Halifax,  is  not 
representative  of  its  reference  categoty'.  Values  of 
TOC,  total  residuals  concentration,  and  dissolved 
iron  are  high  for  reference  category  67b.  The 
biological  community  is  moderately  impaired. 
Over  half  of  the  macroinvertebrates  sampled  are 
Hydropsyche,  which  is  somewhat  tolerant  of 
organic  pollution.  Not  surprisingly,  due  to  the 
dominance  of  Hydropsyche,  taxonomic  similarity 
to  the  reference  is  particularly  low.  Taxonomic 
richness  and  the  EPT  index  are  poor  also. 

Overall,  the  site's  water  quality  is  most 
comparable  to  that  of  the  lesser-impaired  Svvatara 
Creek  at  SWAT  39.0  (Figure  22),  which  seems 
slightly  affected  by  AMD.  Due  to  excellent  habitat 
conditions  at  the  site  and  the  relatively 
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undeveloped  nature  of  most  of  Armstrong  Creek's 
watershed.  AMD  could  possibly  be  a contributing 
factor  in  the  impairment  at  ARiVIS  0. 1 . 

Powell  Creek 

Powell  Creek  enters  the  Susquehanna  River 
just  upstream  of  the  Juniata  River.  The  most 
notable  water  quality  parameters  at  site  FOWL  0. 1 
are  a low  concentration  of  ions,  a relatively  high 
concentration  of  TOC  and  total  residuals  for 
reference  region  67b.  and  the  highest  dissolved  iron 
concentration  in  the  reference  categoiy.  Biological 
conditions  at  Powell  Creek  are  slightly  impaired. 
Taxonomic  similarity'  to  the  reference  site 
('WHMT  2.2)  is  low:  Hydropsyche  and  Baetis 
(Ephemeroptera:  Baetidae)  compnse  most  of  the 
macroinvertebrate  sample. 

Susquehanna  River  in  the  northern 

section  of  the  subbasin 

The  northernmost  sample  site  of  this  survey 
(SUSQ  122.0)  is  located  on  the  Susquehanna 
River,  below  Sunbury.  The  biological  community' 
at  site  SUSQ  122.0  is  classified  as  slightly 
impaired.  Taxonomic  similarity  to  reference  and 
EPT  index  is  low.  Forty-one  percent  of  the 
invertebrates  collected  are  Chimorra  (Tnchoptera: 
Philopotamidae).  a filter-feeder.  Water  quality 
parameters  do  not  reveal  any  significant  pollution, 
although  total  ammonia  and  zinc  concentrations 
are  slightly  elevated.  Levels  of  nutrients,  iron,  and 
manganese  arc  low  in  companson  with  other 
sampling  sites  on  the  Susquehanna  River. 

Approximately  6 miles  downstream  from  the 
mouth  of  Mahanoy  Creek,  the  Susquehanna  River 
(SUSQ  106.0)  is  nonimpaired.  Water  quality  is 
comparable  to  SUSQ  122.0.  but  water  quality  at 
SUSQ  106.0  is  calcium-rich  and  low  in  ammonia 
and  zinc. 

The  biological  community  at  Halifax 
(SUSQ  94.0)  IS  slightly  impaired.  SUSQ  94.0  is 
the  most  taxa-nch  site  sampled  on  the 
Susquehanna  River.  Twenty-five  taxa  were 
collected;  13  of  these  are  EPT  groups.  However, 
the  Hilsenhoff  index  also  is  the  highest  of  the 


Susquehanna  River  sites,  and  similarity  to  the 
reference  is  low.  Water  quality  is  near  the  mean 
for  most  parameters,  with  the  exception  of  high 
sulfate,  high  dissolved  manganese,  and  low  total 
aluminum. 

Central  Section  Streams 

Figure  2 (page  3)  shows  central  section 
streams  and  sample  sites. 


Sample  sites  located  in  the  central  section  are 
listed  below  with  their  reference  category- 
designations. 


64ac 

64  L 

66 

ECONO.O 

SWAT  2.3 

MNTN  3.0 

67a 

67b 

67cd 

BEAV0.6 

LTRT  0. 1 

NnSP  0.5 

SPRG  0.0 
TRDLO.O 

LSWT  0.6 
MNDAO.l 
PAXT  0.5 

PAXT  8.4 

QUIT  0.3 

SWAT  39.0 
SWAT  56.0 

CLRK  3.8 

ERLS  0.5 

STON  0.4 

67L 

CONO  1.3 
CONO  51.8 
CONO  66.0 
SHRM  2.0 
SHRM  27.5 
SUSQ  77.0 
SWAT  21.7 

\TBR3.4 

\TBR35.7 

Sherman  Creek 

Sherman  Creek  drains  an  area  of  244  square 
miles  in  Perry  County.  At  SHRM  27.5.  the 
biological  community  experiences  slight 
impaimient.  as  indicated  primarily  by  a low  EPT 
index.  Nevertheless.  Isonychia  is  the  predominant 
genus.  and  composes  one-third  of  the 
macroinvertebrate  sample.  Total  iron 

concentration  is  somewhat  high. 

Close  to  Loysville.  Laurel  Run  meets  Sherman 
Creek.  At  site  ERLS  0.5.  Laurel  Run  has  sood 
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water  quality  and  excellent  habitat  conditions.  The 
community  at  LRLS  0.5  suffers  from  slight 
biological  impairment.  Few  individuals  were 
collected,  and  taxonomic  ricliness.  the  number  of 
EPT  individuals,  and  taxonomic  similarity  scored 
low.  Tire  cause  of  impairment  is  unknown. 

Biological  metncs  downstream  on  Sherman 
Creek  at  site  SHRJVI  2.0  near  Duncannon  show 
nonimpairment.  The  Hilsenhoff  biotic  index  value 
is  3.59,  which  is  the  best  after  the  reference  site. 
Taxonomic  similanty  to  the  reference  site  is  only 
fair,  since  a number  of  Isonychia  and 
Ceratopsyche  (Tnchoptera:  Hydropsychidae) 
individuals  results  in  a large  proportion  of 
collector-gatherers  at  SHRJVI  2.0.  As  shown  by 
Figure  30,  water  quality  is  close  to  that  of 
PENN  5.0. 

Clark  Creek 

DeHart  Reservoir,  which  supplies  water  to  the 
City  of  Hamsburg,  is  an  impoundment  of  Clark 
Creek.  At  the  mouth  of  the  creek,  water  quality 
appears  unpolluted,  with  low  concentrations  of 
ions,  nitrite,  and  metals.  The  macroinvertebrate 
Survey  reveals  that  the  nonimpaired  biological 
community  at  CLRK  3.8  is  taxa-rich  and  diverse 
(as  shown  by  a diversity  index  value  of  4.21).  A 
number  of  EPT  taxa  are  present.  The  biological 
metrics  at  this  site  exceed  that  of  the  reference,  but 
habitat  conditions  receive  the  lowest  score  in 
reference  category'  67cd. 

Stony  Creek 

Stony  Creek  flows  parallel  to  Clark  Creek.  At 
site  STON  0.4.  the  diverse  and  fairly  pollution- 
intolerant  community  is  nonimpaired  biologically. 
It  serves  as  the  reference  site  for  reference  category 
67cd.  The  nutrient-poor  water  quality  and  high 
TOC  concentration  indicate  high  productivity  at 
the  site. 


Paxton  Creek 

From  Its  upper  reaches  to  its  confluence  with 
the  Susquehanna  River,  Paxton  Creek  is  heavily 
impacted  by  development  and  multiple  sources  of 
pollution.  Upstream  at  PAXT  8.4,  which  lies  at 
the  Hamsburg  city  penmeter,  biological  conditions 
are  moderately  impaired.  A high  Hilsenhoff  index 
value  and  low  diversity  are  the  result  of  a large 
percentage  (40  percent)  of  Stenelmis  (Coleoptera: 
Elmidae).  The  EPT  index  is  one  of  the  lowest  in 
the  reference  area.  Habitat  is  supporting,  but 
water  quality  is  poor,  with  the  highest  aluminum 
and  iron  concentrations  in  reference  category  67b. 
Ions  and  other  metals  also  are  present  in  high 
concentrations. 

Close  to  its  confluence  with  the  Susquehanna 
River,  Paxton  Creek  flows  through  Harrisburg. 
One  sample  site  was  located  at  the  Sycamore 
Street  Bndge  within  the  city  (PAXT  0.5).  There, 
the  stream  is  concreted  into  its  banks,  and  storm 
runoff,  effluent  discharge,  and  human  refuse  are 
evident.  Consistent  with  these  observations, 
dissolved  oxygen  is  a very  low  4.99  mg/L,  while 
high  values  are  recorded  for  conductivity, 
hardness,  dissolved  residuals,  ions,  iron, 
manganese,  acid,  total  nitrogen,  ammonia,  and 
nitrite.  No  invertebrates  w'ere  collected  under  these 
nonsupporting  conditions. 

Conodoquinet  Creek  Watershed 


Sample  sites  located  in  the  Conodoguinet 
Creek  Watershed  are  shown  below  with  their 
reference  category  designations. 


67a 

67  L 

LTRTO.l 

CONO  1.3 

MISP  0.5 

CONO  28.8 

TRDLO.O 

CONO  51.8 

CONO  66.0 

Conodoguinet  Creek  is  an  important  water 
source  for  communities  in  the  Cumberland  Valley. 
As  the  creek  flows  from  Kittatiny  Mountain  to  its 
confluence  with  the  Susquehanna  River  near 
Hamsburg,  intense  agriculture  and  development 
along  the  lower  reaches  impact  habitat  quality. 
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Tlie  Conodoguinet  Creek  watershed  is  composed 
primarily  of  limestone  tributanes,  three  of  which 
were  sampled. 

Four  sampling  sites  are  located  on 
Conodoguinet  Creek.  Habitat  quality  at  these  sites 
displa\’s  a definite  deterioration  downstream, 
corresponding  with  the  increasing  development 
toward  the  mouth.  At  CONO  66.0  and 
CONO  51.8,  conditions  are  supporting.  Land  use 
at  CONO  66.0  and  CONO  51.8  is  primarily 
agncultural,  with  some  residential  areas  and  forest. 
CONO  28.8  has  partially  supporting  habitat,  and 
CONO  1.3  IS  nonsupporting.  CONO  28.8  at 
Wolf  s Bridge  Road  is  at  the  northern  edge  of 
Carlisle,  adjacent  to  primarily  residential  property, 
with  some  active  and  former  agncultural  use. 
CONO  1.3  is  in  a residential  area;  the  substrate  is 
poor,  the  channel  is  concreted,  and  human  refuse  is 
present.  Overall,  the  assessed  sites  have  a 
pronounced  lack  of  nffle  habitat. 

Despite  the  deterioration  of  habitat  conditions 
downstream,  water  qualitv'  does  not  appear  to 
suffer  a corresponding  degradation.  Instead,  it 
remains  fairly  constant  throughout  the  four  sites, 
which  form  a conspicuous  group  in  pnncipal 
components  analysis  (PCA)  of  water  quality 
(Figures  29  and  30).  General  characteristics 
include  a relatively  low  concentration  of  metals 
and  sulfate  and  a high  concentration  of  ions.  All 
sites  have  the  highest  total  nitrate  values  in 
reference  category  67L,  ranging  from  3.55  to 
3.95  mg/L. 

In  contrast,  biological  conditions  vary  from 
site  to  site.  At  CONO  66.0,  biological  impairment 
is  slight.  Taxonomic  richness  is  the  lowest  of  the 
Conodoguinet  Creek  sites,  and  a low  number  of 
EPT  taxa  are  present.  CONO  51.8  is 
nommpaired;  it  is  the  most  taxonomically  rich  in 
the  reference  categoix'.  and  one  of  the  most  similar 
to  the  reference  site,  but  it  also  has  the  greatest 
Hilsenlioff  value.  At  CONO  28.8.  low  similarity 
values  and  a low  EPT  index  show  that  the  site  is 
moderately  impaired.  At  the  mouth,  impairment 
status  IS  upgraded  to  slight,  mamh'  through  an 
increase  in  taxonomic  similaritN  to  the  reference 
site. 


No  single  source  for  the  impaired  areas  of 
Conodoguinet  Creek  is  apparent.  Poor  habitat  is 
the  probable  cause  of  impairment  at  CONO  1.3, 
but  the  other  impaired  sites  are  likeh  to  be  affected 
by  both  poor  quality  water  and  the  lack  of  suitable 
habitat  conditions.  There  are  many  permitted 
discharges  on  the  stream  and  its  tributaries;  runoff 
from  urban,  suburban,  and  agncultural  areas  and 
problems  with  municipal  discharges  have  been 
recorded  as  a problem  by  Brezina  (1980)  and 
McMorran  (1986).  Between  sites  CONO  51.8  and 
CONO  28.8  alone.  NPDES  permits  are  held  b\ 
several  mobile  home  parks.  Sun  Oil  Co.. 
Conodoguinet  Mobile,  and  the  Carlisle  Suburban 
AuthonW. 

Three  of  the  five  central  67a  sites  are  located 
on  tributanes  (Letort  Spnng  Run.  Trindle  Spring 
Run,  and  Middle  Spring  Run)  in  the  Conodoguinet 
Creek  Watershed.  Central  67a  sites  tend  to  have 
relatively  high  concentrations  of  dissolved 
residuals.  These  sites  have  higher  chloride,  nitrate, 
and  ions  than  the  northern  sites,  and  almost  twice 
the  sulfate.  Reference  category  67a  designates 
streams  that  flow  through  limestone;  these  are 
often  dominated  by  large  numbers  of  Gammarus . 
In  contrast  with  the  Conodoguinet  Creek  sites, 
habitat  at  the  tnbutary  sites  is  excellent. 

Middle  Spring  Run  meets  Conodoguinet  Creek 
between  Middle  Spring  and  New  burg.  At 
MISP  0.5,  the  stream  has  a nonimpaired  biological 
community.  With  the  exception  of  a low  number 
of  EPT  taxa,  MISP  0.5  is  very  similar  to  the 
northern  section  67a  streams,  and  even  exceeds 
them  in  diversitv'.  Levels  of  dissolved  aluminum, 
zinc,  and  total  phosphorus  are  higher  than  other 
central  67a  streams. 

Letort  Spring  Run  flows  northeast  through 
Carlisle,  after  which  it  enters  Conodoguinet  Creek. 
The  biological  community  at  the  Letort  Spring  Run 
site  (LTRT  0.1)  is  slightly  impaired.  Thirt\-seven 
percent  of  the  macroinvertebrates  sampled  are 
Gammarus  (.Amphipoda;  Gammaridae).  Water 
quality  attributes  include  relatively  high  acid,  high 
ions,  and  low  dissolved  phosphorus. 
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Trindle  Spring  Run  is  classified  as  moderately 
impaired  at  TRDL  0.1.  Its  total  biological 
conditions  score  (8)  is  the  lowest  in  the  survey. 
Seventy-four  percent  of  the  biota  sampled  are 
Gammanis:  no  EPT  individuals  are  present.  The 
highest  Hilsenlioff  index  of  the  survey  (6.27)  is 
found  at  Trindle  Spring  Run.  While  limestone 
streams  topically  have  a dominant  taxon,  this  site 
is  an  extreme  case  with  only  four  families: 
Gammaridae  (74  percent);  Chironomidae 
(23  percent);  Assellidae  (Isopoda)  (2  percent);  and 
Simulndae  (1  individual).  Neither  habitat 
conditions  nor  the  water  quality  parameters 
measured  seem  to  be  the  obvious  cause  for 
impairment.  Habitat  conditions  are  excellent,  and 
Trindle  Spring  Run  is  a cold-water  stream  with 
low  total  iron  and  aluminum. 

Yellow  Breeches  Creek 

The  lower  reaches  of  Yellow  Breeches  Creek 
function  as  the  boundary  between  Cumberland  and 
York  Counties.  In  that  area,  the  stream  is 
surrounded  by  heavily  developed  land. 
Nevertheless,  habitat  throughout  the  Yellow 
Breeches  Creek  sites  is  supporting. 

YLBR  35.7  is  classified  as  slightly  impaired. 
Its  most  notable  biological  metrics  are  high 
diversity'  and  taxonomic  nchness.  The  stream 
bottom  eonsists  of  highly  embedded  gravel,  but  an 
excellent  pool/rififie  ratio  and  riffle/run  quality 
support  the  diverse  macromvertebrate  community'. 
Water  quality  analysis  reveals  no  unacceptable 
levels  of  parameters  measured. 

Mountain  Creek  is  the  only  stream  sampled  in 
Ecoregion  66.  It  enters  Yellow  Breeches  Creek 
near  Mount  Holly  Springs.  The  tnbutary  was 
sampled  at  site  IVINTN  3.0.  Although  there  was 
no  reference  site  for  companson,  biological 
conditions  are  nonimpaired.  as  evidenced  by  a high 
diversity  index  of  4.08  and  low  Hilsenhoff  index 
value  (3.60).  Twenty-five  taxa  were  collected,  and 
16  of  these  are  EPT  groups.  A number  of 
pollution-intolerant  genera  are  present,  including 
Epeonis  (Ephemeroptera:  Heptagemdae), 

Glossosoma  (Trichoptera:  Glossosomatidae), 
Nigroma  (Megaloptera:  Corydalidae).  Paracapnia 


(Plecoptera;  Capmidaej,  Leiictra  (Plecoptera; 
Leuctndae),  Amphinemiira  (Plecoptera; 
Nemouridae),  and  Pteronarcys  (Plecoptera: 
Pteronarcidae) . Habitat  is  excellent. 

At  the  USGS  gaging  station  on  Yellow 
Breeches  Creek,  site  YLBR  3.4  is  moderately 
biologieally  impaired.  When  compared  with  the 
upstream  site  (YLBR  37.5),  all  of  the  metrics 
display  degradation.  Water  quality  analysis 
reveals  that  levels  of  total  iron,  ions,  nitrate,  and 
metals  are  higher  than  the  upstream  site.  NPDES 
permitted  facilities  upstream  of  YLBR  3.4  include 
a Pa.  Fish  & Boat  Commission  faeility,  B & W 
Quality'  Growers,  and  PPG  Industries. 

Swatara  Creek  Watershed 


Sample  sites  located  in  the  Swatara  Creek 
Watershed  are  shown  below  with  their  reference 
eategory'  designations. 


64L 

67a 

SWAT  2.3 

BEAV0.6 

SPRG  0.0 

67b 

67L 

LSWT0.6 

MNDAO.l 

QUIT  0.3 

SWAT  39.0 

SWAT  56.0 

SWAT  21.7 

Swatara  Creek  is  a major  east  bank  tributary 
to  the  Susquehanna  River.  From  its  headwaters 
near  Tremont,  Swatara  Creek  flows  southwest  to 
its  mouth  at  Middletown.  At  SWAT  56.0,  the 
biological  community  is  moderately  impaired  by 
AiVID.  High  concentrations  of  total  iron, 
manganese,  nickel,  zinc,  total  aluminum,  sulfate, 
and  ammonia  result  in  a very  low  number  of 
individuals  (40)  collected.  Fifty-two  pereent  of 
these  are  Empididae  (Diptera);  only  seven  other 
families  are  present  in  the  sample.  Habitat 
conditions  are  supporting,  with  low  seores  for 
velocity/depth  diversity,  pool/riffie  ratio,  pool 
quality',  and  channel  alteration. 
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Downstream  at  Jonestown,  preceding  the 
confluence  with  Little  Swatara  Creek 
(SWAT  39.0).  conditions  noticeably  improve. 
Biological  impairment  is  slight,  with  a drop  in 
pollution  tolerance  and  an  increase  to  15  genera. 
Amounts  of  metals  such  as  iron  and  manganese  are 
still  considerable,  but  are  less  than  half  the 
concentrations  found  at  SWAT  56.0.  Habitat  is 
excellent. 

Little  Swatara  Creek  at  LSWT  0.6  has  poor 
water  quality'  and  a moderately  impaired  biological 
community  slightly  better  than  that  found  at 
SWAT  56.0.  In  addition  to  a high  metal  load, 
nutnents  also  are  present  in  relatively  high 
concentrations. 

At  the  confluence  with  Quittapahilla  Creek  at 
SWAT  21.7,  water  quality  of  Swatara  Creek 
approaches  the  mean  for  the  reference  area,  and 
habitat  is  supporting.  High  water  conditions 
prevented  the  collection  of  invertebrates. 
Quittapahilla  Creek  shows  moderate  impairment  at 
QUIT  0.3,  with  52  percent  of  the  organisms  in  the 
sample  identified  as  Amphipoda.  Biological 
metnes  are  comparable  to  SWAT  56.0.  A 
substantial  load  of  dissolved  residuals,  total 
nitrogen,  dissolved  nitrate,  dissolved  phosphorus, 
iron,  and  levels  of  ions  and  minerals  are  revealed 
by  water  quality  analysis.  Habitat  conditions  are 
supporting;  scores  for  streambank  erosion  and 
pool/riffle  ratio  are  low.  Agncultural  activity 
surrounds  the  site.  In  addition,  the  Annville 
Municipal  Authority’  and  the  Lebanon  STP  are 
permitted  facilities  along  Quittapahilla  Creek. 

Manada  Creek  flows  south  toward  Hershey. 
The  stream  does  not  continue  into  the  town,  but 
instead  enters  Swatara  Creek  near  Sand  Beach. 
Biological  conditions  are  slightly  impaired  at  site 
MNDA  0.1.  Tlie  EPT  index  is  low,  but  each  EPT 
taxa  present  has  a low  organic  pollution  tolerance 
value,  as  does  Macronychus  (Coleoptera: 
Elmidae),  which  also  is  present.  Therefore,  the 
Hilsenhoff  index  value  remains  low.  Habitat  is 
supporting,  and  water  quality  is  fair,  with  very  low 
total  and  dissolved  iron  concentrations. 


Spring  Creek  flows  across  the  northern  fringe 
of  Hershey.  Although  water  qualiu  is  close  to  the 
mean  for  67a  central  streams  and  habitat  is 
excellent.  Spring  Creek  is  moderately  impaired  at 
Its  mouth  (SPRGO.l).  Stenelmis  compose  nearK 
70  percent  of  the  macroinvertebrates.  resulting  m 
low  diversity,  a low  EPT  index,  and  considerable 
dissimilanty  to  the  reference  site.  Like  other  67a 
streams.  Spring  Creek  is  heavily  influenced  by 
limestone. 

Beaver  Creek  meets  Swatara  Creek  near 
Hummelstown.  For  reference  categoPv'  67a. 
Beaver  Creek  at  BEAV  0.6  has  low  alkalinity,  low 
calcium.  and  high  nickel  concentrations. 
Biological  conditions  are  slightly  impaired. 
Habitat  is  supporting,  but  has  the  lowest  scores  for 
channel  alteration  and  embeddedness  in  the 
reference  category.  The  biotic  index  is  closest  to 
that  of  the  reference  site,  but  its  low  EPT  index  is 
typical  of  sites  in  reference  category  67a,  and  its 
low  taxonomic  and  trophic  similarity  to  the 
reference  is  common  for  67a  central  section 
streams . 

Several  miles  above  the  mouth  of  Swatara 
Creek  at  SWAT  2.3.  recovery  appears  to  be 
complete,  as  demonstrated  by  nommpaired  biota 
with  the  highest  diversity’  in  reference  category 
64L.  Water  quality  is  near  the  mean,  although 
ammonia  levels  are  elevated  somewhat.  Overall, 
high  levels  of  ammonia  and  nutnents  indicate  that 
a large  part  of  the  Swatara  Creek  Watershed  is 
probably  impacted  by  sources  other  than  AMD 
such  as  fertilizer  mnofF  and  sewage.  Numerous 
permitted  discharges  are  located  on  Swatara  Creek 
and  its  tributaries. 

East  Conewaqo  Creek 

One  site  is  located  on  East  Conewago  Creek 
(ECON  0.0)  in  reference  category  64ac.  East 
Conewago  enters  the  Susquehanna  River  below 
Fredric  Lake  at  Falmouth.  Biological  conditions 
are  slightly  impaired,  as  demonstrated  by’  a low 
EPT  index  and  relatively  high  Hilsenhoff  index 
value.  The  impairment  seems  to  result  from  poor 
water  quality  related  to  agricultural  activity.  For 
Its  reference  category.  ECON  0.0  has  high  values 
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for  TOC,  total  nitrate,  total  phosphorus,  and 
ammonia.  In  comparison  with  all  the  sites 
assessed,  concentrations  of  total  iron,  total 
manganese,  and  ions  are  high. 

Susquehanna  River  in  the  central  section 

of  the  subbasin 

Site  SUSQ  77.0  at  Fort  Hunter  serves  as  the 
reference  for  the  Susquehanna  River  sites.  The 
biological  community  at  this  site  is  nonimpaired, 
and  It  offers  the  lowest  nutrients  and  ammonia  of 
the  Susquehamia  River  sites.  However,  it  also  has 
the  highest  sulfate,  dissolved  manganese,  and  zinc 
concentrations. 

Water  samples  taken  from  the  river  at  Three 
Mile  Island  (SUSQ  57.0)  indicate  slight 
impainnent.  Of  the  Susquehanna  River  sites, 
SUSQ  57.0  has  the  highest  Hilsenhoff  index  value 
and  fewest  EPT  taxa.  (See  Table  25  for 
Susquehanna  River  sites  biological  data.)  Poor 
water  quality  seems  to  be  the  cause  of  impairment. 
Nutrients,  calcium,  potassium,  and  TOC 
concentrations  are  high  at  SUSQ  57.0.  Iron,  total 
aluminum,  and  lead  are  present  in  elevated 
quantities. 

Southern  Section  Streams 

Figure  3 (page  4)  shows  southern  section 
streams  and  sample  sites. 

Sample  sites  located  in  the  southern  section  are 
listed  below  with  their  reference  category' 
designations. 


64ac 

64d 

64L 

BERM  11.0 
CNWG  1.8 
CODO  34.1 
DEER  30.1 
EBOC  5.3 

LCON  1.5 
NBMY  0.0 
SBCC  1.2 

SBCD  3.6 
SBMYO.O 
WBOC  4.3 

CCLC  12.2 
HAMM  0.2 
KRTZ  1.5 
LCHK0.4 
LCNT  1.7 

MIDD  0.2 

MILL  0.3 
MUDD  0.2 
SBEV2.5 

BERM  1.2 

CCLC  0.4 

CNTG  0.9 

CNTG  22.6 
CNTG  32.7 
CNTG  43.9 
CHCK3.0 
CODO  0.6 
CODO  22.4 
CODO  33.0 
DEER  1.2 
MDDY3.3 
OCTO  1.0 

PQEA  15.2 
PQEA  3.3 

SBCD  0.4 

SUSQ  44.5 

SUSQ  57.0 
WCON  2.9 
WCON  20.4 
WCON  35.5 
WCON  56.3 
WCON  66.5 

Sample  sites  CNWG  1.8,  DEER  1.2, 
DEER  30.1,  and  OCTO  1.0  are  located  in 
Maiydand. 

West  Conewaao  Creek  Watershed 


Sample  sites  located  in  the  West  Conewago 
Creek  Watershed  are  shown  below  with  their 
reference  category’  designations. 


64ac 

64L 

BERM  11.0 

LCON  1.5 

SBCC  1.2 

BERM  1.2 

WCON  2.9 

WCON  20.4 

WCON  35.5 

WCON  56.3 

WCON  66.5 

West  Conewago  Creek  enters  the  Susquehanna 
River  downstream  from  the  mouth  of  East 
Conewago  Creek.  The  source  of  West  Conewago 
Creek  is  near  Pennsylvania’s  Caledonia  State  Park, 
and  the  watershed  extends  into  Carroll  County’, 
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Manland.  All  sample  sites  are  located  in 
Penns\  Ivania. 

The  combination  of  biological,  habitat  and 
water  qualit\'  conditions  on  West  Conewago  Creek 
vaiA'  great!}’  from  station  to  station.  Tire  two 
upstream  sites.  WCON  66.5  and  WCON  56.3, 
have  excellent  habitat,  but  the  biological 
community  at  WCON  66.5  is  slightly  impaired. 
At  station  WCOlN  35.5.  habitat  is  too  poor  to 
support  invertebrates.  Site  WCON  20.4  is 
nommpaired  with  partial!}'  supporting  habitat,  and 
at  W'CON  2.9.  the  biological  community  is 
nonimpaired  and  the  habitat  is  excellent. 

Low  total  nitrate  is  charactenstic  of  the  upper 
West  Conewago  sites.  Water  qualit}’  at 
WCON  66.5,  outside  of  Biglerville.  is  at  the 
reference  categoiy  mean  for  many  water  quality 
parameters.  Despite  excellent  habitat  and 
seemingly  acceptable  water  conditions,  biological 
impairment  is  illustrated  b}'  weak  indices  such  as  a 
low  EPT  index  and  low  taxonomic  similant}’  to  the 
reference  site.  Ten  miles  downstream,  above  the 
confluence  of  the  South  Branch  Conewago  Creek 
at  WCON  56.3.  the  most  notable  water  qualit}’ 
parameter  is  the  high  dissolved  iron  concentration. 
The  nonimpaired  biological  communit}’  is 
representative  of  reference  categoiy’  64L. 

The  South  Branch  Conewago  confluence  with 
Conewago  Creek  is  between  New  Chester  and  New 
Oxford.  Pa.  The  biological  communit}’  at  the 
South  Branch  site  (SBCC  1.2)  shows  slight 
impairment.  Key  biological  metrics  include  a low 
EPT  index  and  the  highest  Hilsenhoff  biotic  index 
in  reference  categoty  64ac  Water  qualit}'  is  highl}’ 
alkaline  for  the  reference  categoiy.  and  contains 
high  concentrations  of  total  phosphorus,  total  iron, 
ions,  nickel,  and  zinc.  Tlie  habitat  is  rated  as 
supporting,  but  it  receives  one  of  the  lowest  habitat 
scores  in  the  reference  area  for  its  poor  pool/riffle 
ratio  and  riparian  buffer  zone. 

Upstream  of  the  confluence  with  Bermudian 
Creek  at  station  WCON  35.5.  the  straight  channel 
consists  of  a silt-,  sand-,  and  clay-lined  pool: 
cobble  IS  the  predominant  channel  substrate  at  the 
other  three  stations.  A dam  upstream  heavih’ 


impacts  the  site;  all  primary  habitat  parameters 
score  vciy  low . Human  refuse  is  present.  Water 
quality  is  rather  similar  to  the  nonimpaired  sites 
funher  downstream  and  veiy  like  that  of 
BERM  1.2  (Figure  14).  so  degraded  habitat 
appears  to  be  the  primary  cause  of  se\erc 
impairment.  However,  a distinct  rise  in  TOC  and 
total  residuals  is  seen  from  site  WCON  56.3. 
Several  mobile  home  parks,  as  well  as  STPs 
operated  by  the  municipal  authorities  of  East 
Berlin.  Reading,  New’  Oxford,  and  Hanover,  are 
located  on  Conewago  Creek  and  its  tributaries 
betiveen  WCON  56.3  and  35.5. 

Bermudian  Creek  is  located  in  York  and 
Adams  Counties.  At  the  64ac  site  BERM  11.0. 
upstream  of  the  confluence  with  Latimore  Creek, 
the  biological  community  is  slightly  impaired,  as 
illustrated  by  a low  EPT  index.  Water  qualit}'  is 
fair,  with  low  nitrate,  total  iron,  and  total  and 
dissolved  manganese.  Ten  miles  downstream,  at 
BERM  1.2.  biological  conditions  are  nonimpaired. 
Water  qualit}'  at  BERM  1 .2  is  similar  to  that  found 
at  the  lower  West  Conewago  sites.  Its  most 
outstanding  attribute  is  a large  amount  of  dissolved 
residuals. 

Sample  site  WCON  20.4  is  close  to 
Manchester.  The  nonimpaired  biological 
communit}’  in  West  Conewago  Creek  is  taxa  rich 
and  has  a high  EPT  index  for  reference  categoiy 
64L.  However,  a predominance  of  Simuliidae 
results  in  a fairly  high  Hilsenhoff  value.  In 
addition  to  the  characteristics  of  West  Conewago 
downstream  sites  alread}’  outlined,  water  chemistiy 
exhibits  elevated  amounts  of  copper  and  lead. 

Downstream  at  WCON  2.9,  taxonomic 
richness,  the  EPT  index,  and  similarits'  to  the 
reference  site  are  nearly  identical  to  WCON  20.4. 
but  diversity  shows  a slight  increase,  while  the 
Hilsenhoff  index  value  significantly  decreases. 
High  concentrations  of  copper  and  iron  arc  present. 
Overall,  the  downstream  sites  on  West  Conewago 
Creek  tend  to  be  warmer  and  have  higher  levels  of 
TOC.  nitrate,  and  manganese  than  two  upstream 
sites.  With  respect  to  their  reference  category  , 
thev  have  elevated  concentrations  of  nickel. 
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Little  Conewago  Creek  meets  West  Conewago 
Creek  near  its  confluence  with  the  Susquehanna 
River.  The  biological  communit\'  at  LCON  1,5 
yielded  the  most  individuals  and  taxa.  giving  it 
highest  diversity  index  in  reference  categorv’  64ac. 
Nevertheless,  the  number  of  EPT  individuals  is 
low  compared  to  the  reference  site,  and  LCON  1.5 
is  classified  as  slightly  impaired.  Water  quality 
parameters  include  high  alkalinity.  total 
phosphorus,  nickel  and  various  ions. 

Codorus  Creek  Watershed 


Sample  sites  located  in  the  Codorus  Creek 
Watershed  are  shown  below  with  their  reference 
categoix'  designations. 


64ac 

64L 

CODO  34.1 

SBCD  3.6 

CODO  0.6 

CODO  22.4 

CODO  33.0 

SBCD  0.4 

CodoRis  Creek  drains  278  square  miles  in 
York  County.  The  stream  is  an  important  source 
for  drinking  water,  recreational  use,  waste 
removal,  and  industrial  use.  Both  degraded  habitat 
and  poor  water  qualitv'  seem  to  limit  biological 
health  at  the  Codorus  sites. 

Total  dissolved  solids  and  metal  pollution  from 
industrial  waste  occur  in  on  the  lower  25  miles  of 
Codorus  Creek.  A linear  progression  can  be  seen 
in  the  PCA  ordination  of  the  Codorus  sites  located 
m reference  area  64L.  Total  nitrate  concentration 
rises  from  1.9  mg/L  at  CODO  33.0  to  4.2  mg/L  at 
CODO  0.6.  while  manganese  drops  progressively. 
TOC.  sulfate,  and  ions  (especially  chloride  and 
sodium)  also  noticeably  increase  towards  the 
mouth.  Dissolved  aluminum  concentration  is  much 
higher  at  CODO  0.6  and  22,4.  Glatfelter  Paper 
Co.  discharges  clearly  affect  Codorus  Creek 
upstream  of  CODO  22.4.  Below  the  discharge,  the 
stream  has  an  unpleasant  odor  and  is  discolored. 
Other  industrial  discharges  to  Codoms  Creek 
include:  York  International  Corp..  Lehigh 

Portland  Cement  Co..  Stone  Container  Corp., 
United  Defense,  Harley-Davidson  Inc.,  and 
PfaltzgralT  Co 


Upstream  of  the  West  Branch  Codorus 
confluence  with  the  mam  stem  (CODO  34.1). 
biological  conditions  on  Codorus  Creek  are  just 
slightly  impaired.  Site  CODO  34.1  is  located  in 
reference  category'  64ac,  and  water  quality  does 
not  follow  the  trend  for  Codorus  sites  found  in 
reference  category'  64L.  Nitrate,  aluminum,  and 
both  total  and  dissolved  iron  are  present  in  higher 
concentrations  at  CODO  34.1  than  at  the 
downstream  site  CODO  33.0.  Habitat  is  rated  as 
excellent,  but  at  the  time  of  sampling,  the  charmel 
was  braided  and  the  stream  was  not  flowing.  In 
companson  w'lth  the  other  Codorus  Creek  sites, 
total  residuals  are  very'  high,  and  a lack  of  EPT 
taxa  prevents  thrs  site  from  being  classified  as 
nonimpaired. 

Downstream  of  the  confluence  with  the  West 
Branch  Codorus,  CODO  33.0  is  moderately 
impaired.  Site  CODO  33.0  has  the  highest 
Hilsenhoff  index  of  the  entire  ecoregion  and  low 
taxonomic  similaritv'  to  the  reference  site.  Habitat 
is  excellent. 

South  Branch  Codorus  Creek  enters  the  main 
stem  just  outside  York.  Upstream  of  its  confluence 
is  a pnmanly  commercial/industrial  and 
secondarily  residential  area  on  the  main  stem 
Codorus  Creek.  Nonsupporting  habitat  at  this  site 
(CODO  22.4)  does  not  sustain  a macroin vertebrate 
population.  The  channelized,  concreted  streambed 
has  a sand/silt  bottom,  with  no  riffles. 
Development  has  eliminated  most  streamside 
vegetative  cover.  Both  wnody  debris  and  human 
refuse  are  present.  Although  the  water  contains 
high  concentrations  of  dissolved  iron  and 
manganese,  overall  water  quality  does  not  seem 
infenor  to  that  of  site  CODO  0.6. 

South  Branch  Codorus  Creek  supports  a 
slightly  impaired  biological  macroinvertebrate 
communin'  and  a nonimpaired  communitv  at 
SBCD  3.6  and  SBCD  0.4,  respectively.  The 
habitat  is  only  partially  supporting  at  SBCD  3.6, 
primanly  due  to  channelization  of  the  stream  in 
that  area.  Ammonia,  total  iron,  and  manganese 
concentrations  are  elevated,  and  are  comparable  to 
or  less  than  those  at  CODO  22.4.  Within 
reference  category  64ac,  the  most  similar  water 
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chemistn  is  found  at  CODO  34.1.  Downstream. 
SBCD  0.4  has  the  best  Hilsenhoff  index  value  and 
the  greatest  taxonomic  similanty  to  the  reference 
site  in  reference  category  64L.  It  resembles 
CODO  22.4.  particularly  regarding  its  higher 
concentrations  of  iron  and  nitrate. 

Downstream  from  the  confluence  with  South 
Branch  Codonis  Creek  (CODO  0.6).  water  quality 
characterized  b\’  high  total  nitrate,  TOC,  ions, 
sulfate,  and  nickel  concentrations  causes  moderate 
impairment.  Wliile  all  other  sites  have  normal 
copper  and  lead  values,  copper  levels  at 
CODO  0.6  double,  and  lead  concentration  at 
2.7pg/L  is  more  than  five  times  the  average  value 
of  0.5pg/L.  In  contrast,  the  site's  habitat  is 
excellent. 

Chickies  Creek 

The  headwaters  of  Chickies  Creek  are  located 
near  Mount  Gretna  Heights.  The  stream  flows 
toward  its  confluence  with  the  Susquehanna  River, 
south  of  Manetta.  One  sample  site  is  located 
3 miles  from  the  mouth  (CHCK  3.0).  At  this  site, 
the  biological  communitv'  shows  moderate 
impairment.  Biological  indices  reflect  the  high 
Stenelmis  density  (53  percent).  Habitat  conditions 
are  supporting,  but  the  poor  water  quality  is 
characterized  by  high  concentrations  of  total 
residuals,  ammonia,  total  nitrate,  total  iron,  lead, 
and  nickel.  In  contrast,  concentrations  of  dissolved 
iron  and  aluminum  are  low.  A number  of  NPDES 
permitted-discharges  are  located  on  Chickies  Creek 
and  its  tributaries,  including  discharges  from  a rest 
home,  mobile  home  parks,  a campground,  a 
vine\'ard.  and  several  residential  developments. 
The  Fuller  Co..  Ravmark  Industries.  Wissahickon 
Spring  Water  Inc.,  and  the  Manheim  STP  also 
have  permitted  discharges  to  Chickies  Creek. 

Little  Chickies  Creek  is  slightly  impaired 
biologically.  A predominance  of  Stenelmis  is 
characteristic  of  site  LCHK  0.4.  The  site  is 
located  in  a residential  and  agricultural  area,  and 
habitat  is  only  partialh  supporting.  Runoff  from 
famis  and  lawns  appears  to  be  a problem,  as 
indicated  by  high  total  residuals,  vers'  high  total 
nitrate  (12  mg/L).  and  high  dissolved  phosphorus. 


Kreutz  Creek 

Kreutz  Creek  has  a drainage  area  of 
34.3  square  miles  in  York  County.  The  biological 
communiU'  at  KRT2  1.5  is  slightly  impaired,  with 
the  low  EPT  index  and  taxonomic  similarit\' 
tvpical  of  sites  in  reference  categon'  64d. 
Nevertheless,  diversit}'  is  comparatueK'  high. 
Habitat  is  partially  supporting;  the  pool/nffle  ratio 
is  poor  and  channel  substrate  is  embedded  m 
sediment,  but  the  riffle/run  quality  is  excellent. 
Tlie  site  is  located  on  a golf  course  and  is 
channelized.  Water  qualit>'  is  characterized  b\ 
high  dissolved  oxygen  and  low  TOC 
concentrations. 

Conestoga  Creek  Watershed 


Sample  sites  located  m the  Conestoga  Creek 
Watershed  are  showm  below  with  their  reference 
category  designations. 


64d 

64L 

CCLC  12.2 

CCLC  0.4 

HAYIM  0.2 

CNTG  0.9 

LCNT  1.7 

CNTG  22.6 

MIDD  0.2 

CNTG  32.7 

MILL  0.3 

MUDD  0.2 

CNTG  43.9 

The  sites  on  Conestoga  Creek  all  exfiibit  slight 
to  moderate  biological  impairment,  and  the  degree 
of  impairment  is  primarily  dependent  on  habitat 
conditions.  Unrestricted  livestock  access  to  the 
stream  is  a senoiis  problem  throughout  the 
Conestoga  drainage  area.  PCA  shows  the 
Conestoga  watershed  64L  sites,  including  all  the 
sites  on  Conestoga  Creek  and  one  site  from 
Cocalico  Creek,  have  similar  water  qualitx-.  (See 
Figures  13  and  14.)  For  the  reference  area,  these 
sites  have  low  dissolved  iron  concentrations,  high 
amounts  of  ions  and  dissolved  residuals,  and  high 
lead  values  (all  have  values  exceeding  1.0  pg/L. 
and  the  median  \alue  is  0.5  pg/L).  TOC  values 
range  from  3 to  3.6  mg/L.  and  total  nitrate  values 
are  in  the  6-8  mg/L  range.  Both  the  mam  stem  of 
Conestoga  Creek  and  its  tributaries  are  subject  to  a 
multitude  of  industrial,  agncultural.  waste 
removal,  and  residential  discharges. 
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The  Conestoga  Creek  tributary’  sites  are 
located  in  reference  category-  64d.  with  the 
exception  of  CCLC  0,4  on  Cocalico  Creek,  which 
is  located  in  64L.  A slightly  impaired  biological 
communitv'  is  present  at  each  tnbutary  sampling 
station.  Characteristic  of  the  64d  sites  is  high  total 
nitnte.  a large  percentage  of  Stenelmis^  and 
diversity  and  Hilsenhoff  indices  close  to  that  of  the 
reference  site.  Compared  to  the  reference  site,  the 
sites  have  low  EPT  indices. 

Three  sites  on  Conestoga  Creek.  CNTG  43.9, 
CNTG  32.7.  and  CNTG  22.6  have  partially 
supporting  habitat  conditions.  CNTG  0.9  has 
excellent  habitat.  This  is  the  only  site  sampled  on 
Conestoga  Creek  where  the  adjacent  land  is  not 
completely  developed.  CNTG  0,9  is  the  only  site 
that  has  a cobble  substrate:  the  others  have  infenor 
gravel  substrates.  Human  refuse  is  noticeable  at 
all  Conestoga  Creek  sample  sites. 

The  biological  community'  at  CNTG  43.9,  near 
Martindale.  is  slightly  impaired,  yet  biological 
conditions  are  Apical  of  the  reference  area. 
CNTG  43.9  has  significantly  higher  total  iron, 
aluminum,  and  manganese  than  the  other 
Conestoga  watershed  sites.  Tlie  area  can  be 
characterized  as  industnal  and  agncultural. 

Muddy  Creek  enters  Conestoga  Creek  near 
Hinkletown.  Both  habitat  and  water  quality  may 
cause  slight  unpairment  at  MUDD  0.2.  Habitat  is 
partially  supporting,  and  water  quality  data  show 
low  dissolved  residuals  and  total  nitrate,  but  high 
total  nitrite.  Stenelmis  comprises  51  percent  of  the 
collected  macroinvertebrate  fauna.  Muddy 
Creek  s low  alkalinity  and  low  calcium  are  unusual 
for  reference  area  64d. 

Downstream  on  Conestoga  Creek  at 
Brownstown.  CNTG  32.7  is  moderately  impaired. 
Seventy-five  percent  of  the  invertebrates  collected 
from  this  site  are  Stenelmis.  This  results  in  the 
lowest  diversity  index  in  the  reference  categorv.  as 
well  as  the  lowest  EPT  index,  and  least  similaritv 
to  reference.  Copper,  dissolved  iron,  and  acid  are 
present  m greater  quantities  at  CNTG  32.7  than  at 
other  Conestoga  sites.  A storm  drain  empties  into 
Conestoga  Creek  at  this  site. 


Cocalico  Creek  flows  through  Ephrata.  Just 
outside  Ephrata.  at  CCLC  12.2,  the  slightly 
impaired  biological  community  has  one  of  lowest 
Stenelmis  densities  of  reference  category  64d.  but 
also  has  low  taxonomic  richness.  Water  quality  is 
charactenzed  by  low  total  nitrite,  an  intermediate 
amount  of  dissolved  residuals,  elevated  copper  and 
zinc,  and  high  sodium,  chlonde,  and  sulfate.  Also, 
the  highest  TOC  in  the  reference  category’,  and  one 
of  highest  dissolved  phosphorus  values,  are  found 
at  CCLC  12.2.  Not  far  from  the  mouth  of 
Cocalico  Creek,  at  Talmage  (CCLC  0.4),  water 
quality  resembles  that  of  Conestoga  Creek. 
Almost  5 1 percent  of  the  macroinvertebrates 
collected  at  site  CCLC  0.4  are  Stenelmis . 
CCLC  0,4,  like  CCLC  12.2  upstream,  has  only 
five  EPT  taxa  and  supporting  habitat,  resulting  in 
slight  biological  impairment. 

Middle  Creek  and  Hammer  Creek  are 
tributaries  to  Cocalico  Creek.  Both  flow  into 
Cocalico  Creek  near  Rothsville.  Water  quality  is 
similar;  Hammer  (PLAMM  0.2)  and  Middle  Creek 
(MIDD  0.2)  sites  have  lower  dissolved 
phosphorus,  sodium,  sulfate,  and  chloride,  and 
higher  total  iron  and  lead  than  most  other  sites  in 
reference  category  64d. 

Middle  Creek  is  classified  as  slightly  impaired, 
but  the  biotic  indices  indicate  almost  moderate 
impairment  at  site  MIDD  0.2.  A small  number  of 
individuals  are  in  the  macroinvertebrate  sample. 
Over  half  are  Chironomids.  Water  quality'  analysis 
indicates  higher  total  manganese  and  zinc  for  the 
reference  area.  Habitat  is  supporting;  riffle/run 
quality  receives  the  lowest  score  in  reference 
category  64d. 

Hammer  Creek  appears  to  be  of  similar 
biological  quality'  to  MIDD  0.2.  At  HAMM  0.2, 
Hammer  Creek  has  a large  proportion  of  scrapers 
(and  therefore  low  trophic  similanty  to  the 
reference),  because  almost  39  percent  of  the 
individuals  collected  are  Stenelmis.  However, 
habitat  is  only  partially  supporting.  Both 
MIDD  0.2  and  HAMM  0.2  have  gravel  substrate, 
but  HAMM  0.2  scores  slightly  worse  for  many  of 
the  habitat  parameters,  especially  for  substrate  and 
channel  alteration.  Dissolved  oxvgen  levels  are 
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low.  and  total  aluminum  and  copper  concentrations 
are  high.  The  total  nitrite  concentration  is  one  of 
highest  in  the  survey. 

South  of  Lancaster,  Mill  Creek  empties  into 
Conestoga  Creek.  Mill  Creek  has  the  best 
biological  metrics  after  the  reference  site,  yet  offers 
better  habitat.  Although ' 46  percent  of  the 
macroinvertebrates  are  Stenelmis,  MILL  0.3  has 
the  most  EPT  groups  and  lowest  Hilsenhoff  index 
score  m reference  area  64d.  Concentrations  of 
total  nitrate  and  dissolved  phosphorus  at  this  site 
are  a considerable  8.57  mg/L  and  0.13  mg/L, 
respectively.  Also  present  are  high  concentrations 
of  dissolved  residuals  and  magnesium,  but  low 
total  iron. 

At  the  uses  gage  on  Conestoga  Creek  in 
Lancaster  (CNTG  22.6),  biological  conditions  are 
usual  for  64L.  albeit  slightly  impaired.  Water 
chemistPv'  analysis  reveals  the  highest  nitrate  in  the 
watershed  and  low  dissolved  aluminum  values.  A 
dam.  channelization,  concrete,  and  a storm  drain 
heavily  alter  this  site,  leaving  the  habitat  only 
partially  supporting.  The  streambanks  are 
unstable  with  many  eroded  areas  visible. 

Little  Conestoga  Creek  meets  Conestoga  Creek 
near  Safe  Harbor.  At  LCNT  1.7,  the  slightly 
impaired  biological  community  is  composed  of 
37  percent  Stenelmis.  Diversity  for  the  reference 
area  is  nonetheless  high.  Water  quality  appears  to 
be  the  source  of  impairment;  habitat  is  excellent, 
but  both  dissolved  residuals  and  total  nitrate  are 
among  the  highest  in  the  entire  assessment. 
Several  local  industries  discharge  into  Little 
Conestoga  Creek  and  its  tributaries. 

Biological  conditions  are  slightly  impaired 
near  the  mouth  of  Conestoga  Creek  at  Safe  Harbor 
(CNTG  0.9).  The  highest  concentrations  of 
dissolved  residuals,  calcium,  and  sodium  in 
reference  categoix'  64L  are  found  at  CNTG  0.9, 
resulting  in  a relatively  low  taxonomic  richness 
and  a low  EPT  index. 


Pequea  Creek 

Pequea  Creek  drains  154  square  miles  in 
Lancaster  County,  and  it  joins  the  Siisciueh;i'in;i 
River  downstream  of  Weise  Island.  Two  sample 
stations  are  located  on  Pequea  Creek:  one  at  the 
Route  222  bndge  (PQEA  15.2);  and  one 
downstream  site  in  Colemansville  (PQEA  3.3). 
Both  sites  are  slightly  impaired  with  partialK 
supporting  habitat.  Biological  metrics  arc  Apical 
of  64L  sites,  and  include  low  EPT  indices  and 
Stenelmis  as  the  dominant  taxon.  PCA  ordination 
shows  little  variation  in  water  qualitv’  between  the 
two  sites  (Figure  13).  Water  chemistix-  is 
somewhat  like  that  of  the  Conestoga  sites,  but 
Pequea  sites  have  lower  TOC  and  higher  amounts 
of  dissolved  nitrate.  In  addition.  PQEA  3.3  has 
one  of  the  highest  total  residual  scores  in  the 
survey.  Paradise  Township  and  Conestoga 
Township  STPs,  Hershey  Farms  Motel.  CresAvood 
Estates,  and  the  School  Districts  of  Pequea  Valley 
and  Penn  Manor  have  NPDES  discharges  to 
Pequea  Creek. 

The  confluence  of  Big  Beaver  Creek  with 
Pequea  Creek  occurs  near  Refton.  At  SBEV  2.5, 
biological  conditions  of  Big  Beaver  Creek  are 
slightly  impaired.  The  site's  low  EPT  index  and 
highly  predominant  taxa  are  characteristic  of 
reference  category’  64d.  Hydropsyche  alone 
compose  almost  40  percent  of  the  sample; 
Stenelmis  and  Baetis  together  comprise  another 
42  percent.  Nevertheless,  SBEV  2.5  has  the  best 
biological  score  and  offers  some  of  the  best  habitat 
in  reference  category  64d.  Water  qualiA’  analysis 
reveals  low  concentrations  of  alkaliniA'.  dissolved 
residuals,  total  aluminum,  and  TOC.  In  contrast, 
total  iron  concentration  is  the  highest  m the 
reference  categoix'. 

Muddy  Creek 

Sample  sites  located  in  Mudd>  Creek  are 
shown  below  with  their  reference  categon, 
designations. 


Octoraro  Creek  Watershed 


64L 

64ac 

MDDY  3.3 

NBMYO.O 

SBMY  0,0 

The  North  and  South  Branches  of  Muddy 
Creek  meet  at  Muddy  Creek  Forks  to  form  the 
main  stem  Muddy  Creek,  Muddv  Creek  then 
enters  the  Susquehanna  River  near  Holtvvood.  All 
three  streams  support  nonimpaired  biological 
communities  and  have  excellent  habitat  at  the 
sample  sites. 

Water  quality'  analysis  from  the  sample  sites 
on  each  branch  indicate  low  alkalinity, 
phosphorus,  and  TOC.  The  water  also  contains 
lower  than  average  total  manganese  and  is  ion- 
poor.  Station  SBMY  0.0  is  the  reference  site  for 
reference  category  64ac.  It  has  the  highest 
diversity,  highest  EPT  index,  and  the  lowest 
Hilsenhoff  index  score  for  the  reference  category'. 
Site  NMBY  0,0  is  the  most  comparable  to  site 
SMBYO.O. 

Good  quality  water  and  excellent  habitat  also 
are  present  in  the  main  stem  of  Muddy  Creek  at 
site  MDDY  3.3.  The  site  has  low  concentrations 
of  dissolved  ammonia,  TOC,  ions,  and  dissolved 
aluminum.  It  functions  as  the  reference  site  for 
reference  category  64L. 

Conowinqo  Creek 

Conovvingo  Creek  enters  the  Susquehanna 
River  above  the  Conovvingo  Dam  in  Cecil  Countyy 
Md.  At  CNWG  1.8  on  Conovvingo  Creek, 
biological  metrics  show  slight  impairment.  Thirty- 
three  percent  of  the  macroinvertebrate  fauna 
collected  are  Baetis.  which  has  a Hilsenhoff  index 
value  of  6.  Water  chemical  parameters  are 
comparable  to  those  found  at  the  East  and  West 
Branch  Octoraro  sites.  Low  concentrations  of 
acid,  total  iron,  and  total  manganese,  but  high  total 
nitrate  are  present. 


Sample  sites  located  m the  Octoraro  Creek 
Watershed  are  shown  below  with  their  reference 
category  designations. 


64ac 

64L 

EBOC  5.3 

WBOC  4.3 

OCTO  1.0 

Octoraro  Creek  is  formed  by  the  confluence  of 
an  east  and  a west  branch.  The  East  Branch  at 
EBOC  5.3  on  the  Chester/Lancaster  County 
boundarv'  displays  slight  impairment.  Fifty-one 
percent  of  100  macroinvertebrate  specimens 
collected  are  Optioservus  beetles  (Coleoptera; 
Elmidae),  reflected  in  a percentage  of  scrapers 
uncommonly  large  for  reference  category  64ac. 
EBOC  5.3  scores  the  lowest  in  the  reference  area 
for  taxonomic  richness,  diversity,  EPT  groups,  and 
taxonomic  similarity.  The  West  Branch  at 
WBOC  4,3  appears  to  be  slightly  impaired,  but 
has  higher  biotic  indices  than  EBOC  5.3.  Water 
quality'  at  WBOC  4.3  and  EBOC  5.3  is 
characterized  by  low  acid,  total  iron,  and  total 
manganese,  but  high  nitrate  and  elevated 
phosphorus  concentrations.  Habitat  is  excellent. 

One  mile  upstream  from  its  confluence  with 
the  Susquehanna  River  (OCTO  0.1),  Octoraro 
Creek’s  biological  conditions  are  slightly  impaired 
and  representative  of  reference  category  64L. 
Water  quality  is  good  except  for  a high 
concentration  of  nitrate.  Iron  concentration  is  low 
for  its  reference  category.  The  prevalence  of 
nitrate,  coupled  with  low  ammonia  and  iron 
concentrations  throughout  Octoraro  Creek  and  its 
branches,  suggests  agricultural  runoff  as  a possible 
source  of  impairment.  All  the  sites  have  some 
adjacent  cropland. 

Deer  Creek 

Deer  Creek  is  the  southernmost  tributary 
sampled.  It  drains  some  200  square  miles  in  York 
County,  Pa.,  and  Baltimore  and  Hartford  Counties 
in  Maryland.  Its  confluence  with  the  Susquehanna 
River  lies  to  the  south  of  Susquehanna  State  Park. 
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Both  Deer  Creek  sample  sites  are  located  in 
Mainland. 

Habitat  quality  is  excellent,  but  the  biological 
community  is  classified  as  slightly  impaired  at 
DEER  30.1.  Water  qualirv’  is  characterized  by  a 
high  concentration  of  manganese  and  iron. 

Near  the  mouth,  at  DEER  1.2.  biological 
conditions  are  nonimpaired,  and  habitat  is 
supporting.  Nevertheless,  the  Hilsenhoff  biotic 
index  suggests  that  the  biota  at  DEER  1.2  are 
slightly  more  pollution-tolerant  than  at  the 
upstream  site.  Baetis  and  Gammanis  each 
compose  about  30  percent  of  the  sample  at  this 
site,  while  Isonychia  comprise  almost  30  percent 
of  the  macroinvertebrate  sample  at  DEER  30.1. 
Water  quality  analysis  reveals  that  copper,  iron, 
lead,  aluminum,  and  dissolved  ammonia 
concentrations  are  higher  than  at  DEER  30.1.  and 
total  nitrate  is  lower. 

Susquehanna  River  in  the  southern 

section  of  the  subbasin 

The  biological  community  of  the  Susquehanna 
River  at  the  Route  30  bridge  in  Colombia 
(SUSQ  44.5)  is  nonimpaired.  Almost  46  percent 
of  the  macromvertebrates  collected  are  Baetis. 
Water  quality’  resembles  that  of  site  SUSQ  57.0, 
which  has  the  same  ecoregion  and  subecoregion 
designation.  Both  sites  are  charactenzed  by 
higher-end  values  for  total  nitrite,  dissolved  nitrate, 
TOC,  and  phosphorus,  and  are  potassium  and  iron 
rich.  However,  iron,  total  aluminum,  and  lead  are 
present  in  higher  concentrations  at  the  Three  Mile 
Island  site  (SUSQ  57.0). 

Water  samples  taken  at  Conowingo  Dam 
(SUSQ  10.0)  showed  low  dissolved  residuals,  high 
ammonia,  and  high  nutrient  levels.  Lead,  zinc, 
total  aluminum,  and  total  manganese  are  present  in 
comparativeK'  high  concentrations  for  the 
Susquehanna  River.  SUSQ  10.0  has  one  of  the 
highest  total  iron  concentrations  in  the  survey. 


Summary  of  Reference  Categories 

Twenty-eight  percent  of  the  96  sites  assessed 
in  the  Lower  Susquehanna  Subbasm  support 
nonimpaired  biological  communities.  Nearly  half 
(49  percent)  have  slightly  impaired  biological 
conditions.  Biological  conditions  are  moderately 
impaired  and  severely  impaired  at  18  percent  and 
4 percent  of  the  sites,  respectiveh'.  Table  24 
summarizes  the  habitat  and  biological  scores  and 
condition  category'  for  each  site. 

Reference  category  64ac 

Reference  category’  64ac  sites  generally  have 
excellent  habitat  and  fairly  unifomi  biological 
conditions,  as  illustrated  by  Figure  7.  The 
biological  communities  of  these  sites  are  Npically 
impaired;  taxa  diversity’  is  relatively  high,  but  EPT 
indices  are  low.  Elevated  concentrations  of 
dissolved  nitrate  and  total  phosphorus  are  found  at 
many  of  the  sample  sites.  Total  iron 
concentrations  are  generally  low,  except  at  sites 
DEER30.L  ECON  0.0,  and  SBCC  1.2. 

Reference  category  64d 

Each  site  in  reference  category’  64d  shows 
slight  biological  impairment.  Reference  category 
64d  sites  tend  to  have  a dominant  taxon  that  exerts 
considerable  influence  on  biological  scores  by 
reducing  diversity,  taxa  richness,  and  taxonomic 
and  trophic  similarity  to  the  reference  site.  Some 
of  the  highest  levels  of  nutrients  in  the  assessment 
are  found  at  64d  sites. 

Reference  category  64L 

Variability  in  habitat,  water  qualiN’.  and 
biological  scores  is  seen  m reference  category  64L 
(Figure  15).  Of  the  subecoregion  64d  sites 
(Appendix  D)  included  in  this  reference  categoiy . 
only  one  site  (CODO  33.0)  has  excellent  habitat. 
Poor  habitat  also  is  found  at  subecoregion  64a 
sites  WCON  20.4  and  WCON  35.5. 
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Table  24.  Summary  of  the  Physical  Habitat  and  Biological  Conditions  of  Sample  Sites  in  the  Lower 
Susquehanna  Subbasin 


stream  Name 

Sample 

Site 

Reference 

Category 

Biological  Score 

Habitat  Score 

Total 

Score 

Percent  of 

Reference 

Condition 

Category 

Total 

Score 

Percent  of 
Reference 

Condition 

Category 

S.  Branch  Muddy  Cr, 

SBMYO.O 

64ac 

36 

100 

Nonimpaired 

122 

100 

Excellent 

Bermudian  Cr. 

BERM  11.0 

64ac 

22 

61 

Slightly  impaired 

117 

96 

Excellent 

Conowmgo  Cr. 

CNWG  1.8 

64ac 

24 

67 

Slightly  impaired 

118 

97 

Excellent 

Codorus  Cr. 

CODO  34.1 

64ac 

28 

78 

Slightly  impaired 

127 

104 

Excellent 

Deer  Cr. 

DEER  30. 1 

64ac 

26 

72 

Slightly  impaired 

129 

106 

Excellent 

E.  Branch  Octoraro 

EBOC  5.3 

64ac 

20 

56 

Slightly  impaired 

119 

98 

Excellent 

E.  Cone  wage 

ECON  0.0 

64ac 

26 

72 

Slightly  impaired 

120 

98 

Excellent 

Little  Conewago  Cr. 

LCON  1.5 

64ac 

26 

72 

Slightly  impaired 

119 

98 

Excellent 

N.  Branch  Muddy 

NBMY  0.0 

64ac 

30 

83 

Nonimpaired 

118 

97 

Excellent 

S,  Branch  Conewago 

SBCC  1.2 

64ac 

26 

72 

Slightly  impaired 

106 

87 

Supporting 

S.  Branch  Codorus 

SBCD  3.6 

64ac 

28 

78 

Slightly  impaired 

76 

62 

PartiaUy  supporting 

W. Branch  Octararo 

WBOC  4.3 

64ac 

28 

78 

Slightly  impaired 

121 

99 

Excellent 

Cocalico  Cr. 

CCLC  12.2 

64d 

22 

61 

Slightly  impaired 

108 

82 

Supporting 

Hammer  Cr. 

HAMM  0.2 

64d 

20 

56 

Slightly  impaired 

89 

67 

PartiaUy  supporting 

Kreutz  Cr. 

KRTZ  1.5 

64d 

24 

67 

Slightly  impaired 

91 

69 

PartiaUy  supporting 

Little  Chickies  Cr. 

LCPIK  0.4 

64d 

22 

61 

Slightly  impaired 

87 

66 

PartiaUy  supporting 

Little  Conestoga  Cr. 

LCNT  1.7 

64d 

24 

67 

Slightly  impaired 

114 

86 

Supporting 

Middle  Cr. 

MIDD0.2 

64d 

20 

56 

Slightly  impaired 

94 

71 

PartiaUy  supporting 

Mill  Cr. 

MILL  0.3 

64d 

22 

61 

Slightly  impaired 

123 

93 

Excellent 

Muddy  Cr. 

MUDD  0.2 

64d 

20 

56 

Slightly  impaired 

86 

65 

PartiaUy  supporting 

Big  Beaver  Cr. 

SBEV2.5 

64d 

26 

72 

Slightly  impaired 

119 

90 

Excellent 

Muddy  Cr. 

MDDY3.3 

64L 

36 

100 

Nonimpaired 

127 

100 

Excellent 

Bermudian  Cr. 

BERM  1.2 

64L 

32 

89 

Nonimpaired 

130 

102 

Excellent 

Cocalico  Cr. 

CCLC  0.4 

64L 

20 

56 

Slightly  impaired 

105 

83 

Supporting 

Chickies  Cr. 

CHCK  3.0 

64L 

16 

44 

Moderately  impaired 

104 

82 

Supporting 

Conestoga  Cr. 

CNTG0.9 

64L 

20 

56 

Slightly  impaired 

117 

92 

Excellent 

Conestoga  Cr. 

CNTG  22.6 

64L 

22 

61 

Slightly  impaired 

83 

65 

PartiaUy  supporting 

Conestoga  Cr. 

CNTG  32.7 

64L 

14 

39 

Moderately  impaired 

91 

72 

PartiaUy  supporting 

Conestoga  Cr. 

CNTG  43.9 

64L 

26 

72 

Slightly  impaired 

92 

72 

PartiaUy  supporting 

Codorus  Cr. 

CODO  0.6 

64L 

14 

39 

Moderately  impaired 

130 

102 

Excellent 

Codorus  Cr. 

CODO  22.4 

64L 

0 

0 

Severely  impaired 

57 

45 

Nonsupporting 

Codorus  Cr. 

CODO  33.0 

64L 

18 

50 

Moderately  impaired 

134 

106 

Excellent 

Deer  Cr. 

DEER  1.2 

64L 

30 

83 

Nonimpaired 

105 

83 

Supporting 

Octoraro  Cr. 

OCTO  1.0 

64L 

26 

72 

Slightly  impaired 

109 

86 

Supporting 

Pequea  Cr. 

PQEA  15.2 

64L 

22 

61 

Slightly  impaired 

80 

63 

PartiaUy  supporting 

Pequea  Cr. 

PQEA3.3 

64L 

22 

61 

Slightly  impaired 

77 

61 

PartiaUy  supporting 

S.  Branch  Codorus 

SBCD  0.4 

64L 

30 

83 

Nonimpaired 

116 

91 

Excellent 

Swatara  Cr. 

SWAT  2.3 

64L 

32 

89 

Nonimpaired 

109 

86 

Supporting 

W.  Conewago  Cr. 

WCON2.9 

64L 

32 

89 

Nonimpaired 

116 

91 

Excellent 

W.  Conewago  Cr. 

WCON  20.4 

64L 

30 

83 

Nonimpaired 

80 

63 

PartiaUy  supporting 

W.  Conewago  Cr. 

WCON35.5 

64L 

0 

0 

Severely  impaired 

71 

56 

Nonsupporting 

W.  Conewago  Cr. 

WCON  56.3 

64L 

30 

83 

Nonimpaired 

120 

94 

Excellent 

W.  Conestoga  Cr. 

WCON  66.5 

64L 

24 

67 

Slightly  impaired 

115 

91 

Excellent 

Mountain  Cr. 

MNTO  3,0 

66 

NA 

NA 

Nonimpaired 

124 

NA 

Excellent 

Perms  Cr. 

PENN  50.6 

67a 

36 

100 

Nonimpaired 

132 

100 

Excellent 

Beaver  Cr. 

BEAV  0.6 

67a 

20 

56 

Slightly  impaired 

101 

77 

Supporting 

Elk  Cr. 

ELKNO.l 

67a 

30 

83 

Nonimpaired 

135 

102 

Excellent 

Letort  Spring  Run 

LTRTO.l 

67a 

20 

56 

Slightly  impaired 

123 

93 

Excellent 

88 


Table  24.  Summary  of  the  Physical  Habitat  and  Biological  Conditions  of  Sample  Sites  in  the  Lower 
Susqu  eh  anna  Subbasin — Continu  ed 


stream  Name 

Sample 

Site 

Biological  Score 

Habitat  Score 

Reference 

Category 

Total 

Score 

Percent  of 
Reference 

Condition 

Category 

Total 

Score 

Percent  of 
Reference 

Condition 

Category 

IVIiddle  SpnnH  Run 

RASP  0.5 

67a 

30 

83 

Nommpaired 

119 

90 

Excellent 

Sprinu  Cr. 

SPRG  0.0 

67a 

14 

39 

Moderately  impaired 

107 

81 

Supporting 

Tnndle  Spnns  Run 

TRDL  0.0  ' 

67a 

8 

22 

Moderately  impaired 

128 

97 

Excellent 

Pme  Cr. 

WPINO.S 

67a 

14 

39 

Moderately  impaired 

105 

80 

Supporting 

W.  Mahatanuo  Cr. 

WMHT2.2 

67b 

36 

100 

Nommpaired 

121 

100 

Excellent 

Armstronu  Cr. 

ARMS  0.1 

67b 

18 

50 

Moderately  impaired 

123 

102 

Excellent 

E.  Mahantanso  Cr. 

EMAH  17.1 

67b 

16 

44 

Moderately  impaired 

134 

111 

Excellent 

Laurel  Run 

LRLN0.8 

67b 

24 

67 

Slightly  impaired 

139 

115 

Excellent 

Little  Shamokin  Cr. 

LSHM0.8 

67b 

34 

94 

Noiumpaired 

131 

108 

Excellent 

Little  Swatara  Cr. 

LSWT  0.6 

67b 

16 

44 

Moderately  impaired 

111 

92 

Excellent 

REddle  Cr. 

MIDL  24.7 

67b 

14 

39 

Moderately  impaired 

130 

107 

Excellent 

Manada  Cr. 

MNDAO.l 

67b 

20 

56 

Slighdy  unpaired 

107 

88 

Supportmg 

N.  Mahantanao  Cr. 

NMHTO.O 

67b 

30 

83 

Nommpaired 

107 

88 

Supporting 

N.  Branch  Middle  Cr. 

NMED  0.7 

67b 

24 

67 

Slightly  impaired 

125 

103 

Excellent 

Paxton  Cr. 

PAXT  0.5 

67b 

0 

0 

Severely  impaired 

35 

29 

Nonsupporting 

Paxlon  Cr. 

PAXT  8.4 

67b 

14 

39 

Moderately  unpaired 

93 

77 

Supporting 

Powell  Cr. 

FOWL  0.1 

67b 

20 

56 

Slightly  impaired 

126 

104 

Excellent 

Quittapahilla  Cr. 

QUIT  0.3 

67b 

10 

28 

Moderately  impaired 

106 

88 

Supporting 

Swatara  Cr. 

SWAT  39.0 

67b 

26 

72 

Slightly  impaired 

134 

111 

Excellent 

Swatara  Cr. 

SWAT  56.0 

67b 

10 

28 

Moderately  unpaired 

91 

75 

Supportmg 

Stonv  Cr. 

STON  0.4 

67cd 

36 

100 

Nommpaired 

132 

100 

Excellent 

Clarks  Cr. 

CLRK3.8 

67cd 

34 

94 

Nommpaired 

106 

80 

Supportmg 

Deep  Cr. 

DEEP  1.2 

67cd 

32 

89 

Nommpaired 

128 

97 

Excellent 

Pine  Cr. 

EPINO.l 

67cd 

24 

67 

Slightly  impaired 

123 

93 

Excellent 

Pine  Cr. 

EPIN  12.7 

67cd 

26 

72 

Slightly  impaired 

133 

101 

Excellent 

Laurel  Run 

LRLS  0.5 

67cd 

22 

61 

Slightly  impaired 

129 

98 

Excellent 

Penns  Cr 

PENN  30.0 

67L 

36 

100 

Nonimpaued 

135 

100 

Excellent 

Conodosuinet  Cr. 

CONO  1.3 

67L 

24 

67 

Slightly  impaired 

79 

59 

Nonsupporting 

Conodoauinet  Cr. 

C0N0  28.8 

67L 

18 

50 

Moderately  impaired 

85 

63 

Partially  supportmg 

Conodoauinet  Cr. 

CONO  51.8 

67L 

32 

89 

Nonimpaued 

105 

78 

Supporting 

Conodoauinet  Cr. 

CONO  66.0 

67L 

22 

61 

Slightly  unpaired 

110 

81 

Supportmg 

E.  Mahantanao  Cr. 

EMAH  0.2 

67L 

26 

72 

Slightly  impaired 

128 

95 

Excellent 

Mahanoy  Cr. 

MHNY  0.3 

67L 

16 

44 

Moderately  unpaired 

130 

96 

Excellent 

Middle  Cr. 

MIDL  0.7 

67L 

26 

72 

Slightly  impaired 

110 

81 

Supporting 

Penns  Cr. 

PENN  5.0 

67L 

32 

89 

Nommpaired 

129 

96 

Excellent 

Shamokin  Cr. 

SHAM  2.7 

67L 

0 

0 

Severely  impaired 

100 

74 

Partially  supporting 

Shermans  Cr. 

SHRM  2.0 

67L 

32 

89 

Nommpaired 

122 

90 

Excellent 

Shermans  Cr. 

SHRNI  27.5 

67L 

28 

78 

Slightl\'  impaued 

119 

88 

Supportmg 

Swatara  Cr. 

SWAT  21.7 

67L 

NA 

NA 

No  samples 

107 

79 

Supportmg 

Wiconisco  Cr. 

W1CO0.3 

67L 

24 

67 

Slightly  impaired 

125 

93 

Excellent 

Yellow  Breeches  Cr. 

YLBR3.4 

67L 

16 

44 

Moderately  impaued 

112 

83 

Supporting 

Yellow  Breeches  Cr. 

YLBR  35.7 

67L 

28 

78 

Slightly  impaued 

110 

81 

Supporting 

Susquehanna  River 

SUSQ  77.0 

67L 

36 

100 

Nonimpaued 

106 

100 

Excellent 

Susquehanna  River 

SUSQ  44.5 

64L 

30 

83 

Nonimpaued 

125 

118 

Excellent 

Susquehanna  River 

SUSQ  57.0 

67L 

24 

67 

Slightly  impaued 

99 

93 

Excellent 

Susquehanna  River 

SUSQ  94.0 

67L 

28 

78 

Slightly  impaued 

102 

96 

Excellent 

Susquehanna  River 

SUSQ  106.0 

67L 

30 

83 

Nonimpaued 

111 

105 

Excellent 

Susquehanna  River 

SUSQ  122.0 

67L 

24 

67 

Slightl\'  impaued 

123 

116 

Excellent 

89 


T\pically.  water  quality  in  this  reference 
category'  has  high  levels  of  dissolved  phosphorus. 
TOC.  and  total  iron.  On  a gross  level,  this  water 
qualiU'  can  be  separated  into  two  main  groups — 
one  consisting  primarily  of  sites  in  subecoregions 
64a  and  c.  and  one  composed  of  subecoregion  64d 
sites.  (Refer  to  Figure  14.  the  dendrogram 
produced  by  cluster  analysis.)  Dissolved  iron 
concentration  is  higher  in  the  group  made  up  of 
mosth’  64a  and  c.  and  concentrations  of  total 
nitrate,  lead,  and  ions  are  lower  than  found  at  the 
64d  sites. 

Reference  category  64L  sites  topically  have  a 
veiy  predominant  taxon  (25  percent  dominance  or 
above).  Stemelmis  is  common,  and  is  often  the 
dominant  genus.  Tliis  contributes  to  the 
characteristic  low  diversit}'  and  large  percentage  of 
scrapers  of  reference  category'  64L  sites. 

Reference  category  67a 

A difference  m water  quality  between  the 
northern  and  central  section  67a  streams  was  noted 
previously.  The  streams  in  the  67a  central  section 
generally  have  water  that  is  highly  alkaline,  and 
low  in  iron,  manganese,  and  alummum.  Northern 
section  streams  (and  Middle  Spring)  have  lower 
total  nitrate,  ions,  and  higher  total  phosphorus. 
Central  section  streams  appear  to  be  more  heavily 
limestone-influenced  and  have  more  degraded 
habitat  than  northern  section  streams. 

Reference  category  67b 

Half  of  the  sites  on  small,  noncalcareous  valley 
streams  in  Ecoregion  67b  are  moderatelv  to 
severely  impaired.  Multiple  sources  of  pollution, 
mainly  AMD.  sewage,  and  agnculture.  impact 
these  streams. 

Reference  category  67cd 

The  sites  assessed  in  reference  categoix'  67cd 
are  either  nonimpaired  or  slightly  impaired,  and  all 
but  one  (CLRK  3.8)  has  excellent  habitat 
(Figure  27).  Water  is  nutrient-poor,  with  elevated 
total  iron  and/or  alummum  values  at  several  sites. 


Only  six  sites  on  small  shale  or  sandstone 
ndge  streams  are  included  m this  assessment.  Two 
(on  Pine  Creek)  are  impaired  from  AMD:  the 
prominence  of  metals  m the  analysis  reflects  this. 

Reference  category  67L 

Fairly  diverse  biota  and  excellent  or 
supporting  habitat  are  found  at  most  large  Ridge 
and  Valley  streams.  However,  these  large  streams 
are  often  subjected  to  multiple  agents  of  water 
quality  and  habitat  degradation,  and  impairment 
status  varies  from  site  to  site. 


MANAGEMENT  IMPLICATIONS 

The  physical  habitat  and  water  quality 
charactenstics  of  a stream  form  the  foundation 
upon  which  its  biological  community  develops. 
Furthermore,  the  natural  landscape  features  within 
a stream’s  watershed  influence  these  abiotic  (non- 
living) charactenstics  of  the  stream,  and  in  turn, 
the  biological  community  that  it  supports. 
Therefore,  the  biological  community  of  a particular 
stream  or  nver,  in  the  absence  of  man’s  influence, 
represents  the  sum  of  the  relationships  between  the 
natural  landscape  features  and  the  physical  habitat 
and  water  qualiW  conditions  of  that  waterway. 

The  water  quality',  physical  habitat,  and 
biological  data  generated  in  this  survey  of  the 
streams  and  nvers  in  the  Lower  Susquehanna 
Subbasm  indicate  the  relationships  between  the 
abiotic  and  biotic  conditions  of  these  watenvays 
vary'  based  on  ecoregion  designation  and  drainage 
area  size.  Statistically  significant  relationships 
(P  < 0.05)  observed  between  the  abiotic 

characteristics  and  the  biological  communities  of 
the  streams  and  rivers  in  the  Lower  Susquehanna 
Subbasin  are  described  below.  These  findings, 
although  based  on  a relatively  small  number  of 
observations,  are  presented  as  possible  subject 
areas  for  fiiture  research  and  as  management 
issues  to  be  considered  by  natural  resource 
managers  and  policy  makers. 
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Reference  Category  64ac,  Small  Northern 
Piedmont  Upland  or  Triassic  Lowland 
Streams 

Due  to  the  generally  excellent  habitat  found  at 
reference  category  64ac  sample  sites,  degradation 
of  water  quaht>-  appears  to  be  the  main  source  of 
biological  impairment.  This' inference  appears  to 
be  supported  by  the  statistical  relationship  that 
exists  between  water  chemistry  and  biological 
quality.  Biological  scores  of  64ac  sites  are 
negatively  eorrelated  with  total  phosphorus,  TOC, 
and  sodium  concentrations.  Clearly,  management 
activities  should  focus  on  water  quaht}’  restoration 
and  protection,  particularly  through  nutrient- 
reduction  efforts. 

Reference  Category  64d,  Small  Northern 
Piedmont  Limestone  Lowland  Streams 

In  companson  with  other  reference  categories, 
habitat  quality  for  reference  category'  64d  is 
poor — only  two  of  the  nine  sites  have  excellent 
habitat  conditions  (Table  10).  Channel  alteration 
has  left  many  of  these  streams  with  a poor 
pool/nffle  ratio,  and  most  display  a relatively  small 
nparian  buffer  zone.  Water  in  subecoregion  64d  is 
nutrient-nch:  it  is  characterized  by  high 

concentrations  of  total  nitrogen,  total  nitrite, 
dissolved  phosphorus  and  calcium. 

Analysis  reveals  few  statistically  significant 
relationships  in  the  Northern  Piedmont  limestone 
streams.  TOC  and  total  manganese  are  the  only 
chemical  water  quaht\-  parameters  with  a 
significant  correlation  to  biological  quality. 

Both  water  and  habitat  qualities  in  the  small 
limestone  streams  of  the  Northern  Piedmont  have 
experienced  degradation.  Although  statistical 
analyses  in  this  survey’  did  not  find  a significant 
correlation  between  habitat  and  biological 
condition  scores,  this  may  be  a result  of  the  rather 
uniformly  degraded  habitat  quality  conditions. 
Habitat  restoration  efforts  would  most  likely 
improve  overall  conditions  of  these  limestone 
lowland  streams.  Many  small  hmestone/dolomite 
streams  throughout  Pennsylvania  have  been 
subjected  to  significant  instream  degradation. 


particularly  from  livestock  access  and  mill  dam 
construction. 

Reference  Category  64L,  Large  Northern 
Piedmont  Streams 

Biological  scores  of  large  Piedmont  streams 
show  a significant  relationship  with  habitat 
conditions.  Substrate  material,  embeddedness, 
velocity/depth  ratio,  and  pool  quality-  are  correlated 
with  both  habitat  and  biological  scores.  The 
habitat  parameters  are  interrelated.  Bottom 
substrate  is  correlated  to  the  other  individual 
habitat  parameters,  except  for  erosion  and  pool 
quality.  Gravel  is  often  the  substrate  in  64L 
streams,  but  severely  biologically  impaired  sites 
(CODO  22.4  and  WCON  35.5)  have  a sand.  silt, 
and  clay  bottom. 

The  only’  yvater  quality  parameter  significantly 
related  to  biological  score  is  potassium.  Potassium 
itself  has  a positive  statistical  relationship  yvith 
chlonde,  sulfate,  lead,  and  nickel.  These  ions  and 
metals  implicate  industrial  waste  as  a possible 
agent  of  degradation  in  reference  area  64L. 

Management  activities  in  these  streams  and 
their  yvatersheds  should  be  directed  pnmarily- 
toyvard  habitat  restoration  and  possibly-  industrial 
yvaste  discharges. 

Reference  Category  67a,  Small  Limestone 
Valley  Streams  in  the  Central  Appalachian 
Ridge  and  Valley  Ecoregion 

Streams  in  reference  category  67a  have  either 
excellent  or  supporting  habitat:  nonimpairment  is 
restneted  to  sites  yvith  excellent  habitat 
(Figure  19).  yet  biological  scores  and  habitat 
scores  do  not  appear  to  have  a significant 
statistical  relationship  in  this  assessment. 
Furthermore,  habitat  parameters  shoyv  relatiyeh- 
little  correlation  to  each  other.  Existing 
relationships  betyveen  habitat  parameters  primarily- 
focus  around  nffle/ain  quality-.  Riffle/run  quahty- 
is  correlated  to  substrate,  embeddedness,  velocity . 
and  pool  quality-. 
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Like  limestone  valley  streams  of  the  Northern 
Piedmont,  Appalachian  limestone  valley  streams 
have  often  been  subject  to  extensive  alteration. 
Unrestricted  livestock  access  is  another  problem 
for  many  of  these  streams.  Therefore,  restoration 
and  maintenance  of  instream  habitat  and  riparian 
vegetation  are  likely  to  improve  biological 
conditions. 

Reference  Category  67b,  Small  Shale  or 
Slate  Noncalcareous  Valley  Streams  in  the 
Central  Appalachian  Ridge  and  Valley 
Ecoregion 

Habitat  scores  and  biological  scores  are 
positively  correlated.  Habitat  parameters  also 
show  a greater  interdependence  than  found  in  other 
reference  categories.  A relatively  high  number  of 
chemical  parameters  also  show  significant 
correlation  with  both  habitat  and  biological  scores. 

Both  habitat  and  chemical  water  qualift'  have  a 
considerable  impact  upon  biological  communities 
of  small  shale  and  slate  valley  streams. 
Relationships  among  water  chemistiy,  habitat,  and 
biological  quality  for  reference  categorv'  67b  also 
are  outlined  in  the  1997  assessment  of  the  Juniata 
Subbasin.  While  the  parameter  relationships  are 
not  identical,  the  conclusion  is  the  same: 
management  activities  should  strive  to  restore  and 
protect  instream  habitat,  npanan  vegetation,  and 
water  quality  of  small  noncalcareous  valley 
streams. 

Reference  Category  67cd,  Small 
Sandstone  or  Shale  Ridge  Streams  in  the 
Central  Appalachian  Ridge  and  Valley 
Ecoregion 

Chemical  parameters  that  are  significantly 
correlated  with  biological  health  include  pH. 
conductivity,  dissolved  residuals,  calcium,  sodium, 
chloride,  and  dissolved  iron.  These  parameters 
suggest  AMD  as  a factor. 

Management  efforts  m reference  categoiy  67cd 
should  focus  on  improvement  in  water  quality  in 
those  areas  affected  b\'  AMD. 


Reference  Category  67L,  Large  Central 
Appalachian  Ridge  and  Valley  Streams 

A number  of  chemical  parameters,  particularly 
those  associated  with  AMD,  have  a significant 
negative  correlation  with  biological  score, 
including  total  ammonia,  magnesium,  sodium, 
potassium,  dissolved  iron,  lead,  total  manganese, 
mckel,  zinc,  and  dissolved  aluminum. 

Due  to  AMD,  MHNY  0.3  and  SHAM  2.7  in 
reference  category  67L  are  vastly  different  than  the 
other  sites.  Tliis  great  difference  results  in  a 
compression  of  the  remaining  sites  in  the 
dendrogram  of  the  cluster  analysis  (Figure  30),  and 
thus  tends  to  obscure  their  relationships. 
Management  efforts  m large  Appalachian  Ridge 
and  Valley  streams  should  pnmarily  be  directed 
toward  restoration  of  water  quality. 

CONCLUSIONS 

Almost  50  percent  of  the  96  sites  assessed  in 
the  Lower  Susquehanna  Subbasin  support 
biological  communities  that  are  classified  as 
slightly  impaired.  Twenty-eight  percent  support 
nommpaired  biological  commumties.  Biological 
impairment  is  moderate  at  18  percent  of  the  sites, 
and  severe  at  4 percent. 

It  is  difficult  to  compare  the  results  of  this 
assessment  with  that  of  McMorran  (1986),  due  to 
very  different  methods  of  macroinvertebrate 
collection  and  analysis.  Even  apparent  differences 
in  water  quality  data  do  not  necessarily  show  a 
true  change  m water  condition,  since  both 
assessments  rely  on  samples  taken  at  a single  point 
in  time,  and  it  is  possible  that  some  event  may  have 
temporarily  altered  water  chemistr>'.  Comparison 
of  both  sets  of  data  with  the  assessment  conducted 
by  Brezina  (1980)  allows  generalizations  on  the 
improvement  or  degradation  of  Lower 
Susquehanna  Subbasin  streams  to  be  somewhat 
more  valid  by  the  addition  of  time  and  samples. 
However,  it  can  be  broadly  stated  that  biological 
conditions  are  similar  to  those  documented  in  1986 
and  1980,  with  improvement  occurring  in  some 
AMD-impacted  stream  reaches. 
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The  specific  relationships  among  physical 
habitat,  water  quality,  and  biological  conditions  of 
the  streams  and  rivers  in  the  Lower  Susquehanna 
Subbasm  appear  to  vary,  based  on  drainage  area 
size  and  ecoregion.  Some  of  the  water  quality  and 
habitat  parameters  with  a significant  (P<0.05) 
correlation  to  biological  score  include;  (1)  total 
phosphorus.  TOC.  and  sodium  concentrations  in 
small  Piedmont  upland  and  Triassic  lowland 
(reference  categorc’  64ac)  streams;  (2)  TOC  and 
total  manganese  in  small  Piedmont  limestone 
lowland  (reference  categor\'  64d)  streams; 
(3)  potassium  and  substrate  material, 
embeddedness,  velocity/depth  ratio  and  pool 
quality  in  large  Piedmont  (reference  category  64L) 
streams;  (4)  dissolved  ammonia,  total  nitrite, 
calcium,  magnesium,  sodium,  chloride  and  fluoride 
and  substrate  quality,  embeddedness,  pool  quality, 
channel  alteration,  riffle/run  quality,  velocity/depth 
ratio,  and  pool/riffle  ratio  in  noncalcareous  valley 
(reference  category’  67b)  streams;  (5)  pH. 
conductivity,  dissolved  residuals,  calcium,  sodium, 
chloride,  and  dissolved  iron  in  small  sandstone  or 
shale  ridge  (reference  category  67cd)  streams:  and 
(6)  total  ammonia,  magnesium,  mckel,  zinc, 
sodium,  potassium,  dissolved  iron,  total  manganese 
and  dissolved  aluminum  in  large  Ridge  and  Valley 
(reference  category  67L)  streams. 
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Appendix  A 

Organic  Pollution-Tolerance  Values  and 
Functional  Feeding  Group  Designations 
OF  Benthic  Macroinvertebrate  Taxa 
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Order 

Family 

Genus 

Organic  Pollution 
Tolerance  Value 

Functional  Feeding 
Group  Designation 

Coleoptera 

Elmidae 

Ancvrotn’x 

2 

CG 

Dubiraphia  1 

6 

SC 

Macronvchiis 

2 

SC 

Microcylloepus 

2 

CG 

1 

Optiosennis 

4 

SC 

Ordobrevia 

5 

SC 

Stenelmis 

5 

SC 

Gyrinidae 

Dineutis 

4 

P 

Hydrophilidae 

Berosus 

5 

CG 

Hvdrobius 

5 

P 

Psephenidae 

Psephenus 

4 

SC 

Ectopria 

5 

SC 

Diptera 

Athericidae 

Atherix 

2 

p 

Chironomidae 

7 

CG 

Dixidae 

1 

CG 

Empididae 

Hemerodromia 

6 

P 

Simuliidae 

6 

FC 

Tabanidae 

Tab  anus 

5 

P 

Tipulidae 

Antocha 

j 

CG 

Hexaloma 

2 

P 

Limonia 

6 

SH 

Tipula 

4 

SH 

Ephemeroptera 

Baetidae 

Baetis 

6 

CG 

Centroplilum 

2 

CG 

Pseudocloeon 

4 

CG 

Caenidae 

Brachvcercus 

3 

CG 

Caenis 

7 

CG 

Ephemerellidae 

Dnmella 

1 

SC 

Ephemerella 

1 

SC 

Serratella 

2 

SC 

Ephemeridae 

Ephemera 

2 

CG 

Hexayenia 

6 

CG 

Heptageniidae 

Epeonis 

0 

CG 

Hepta^enia 

4 

SC 

Leucrocuta 

1 

SC 

Stenacron 

4 

SC 

Stenonema 

SC 

Isonvchiidae 

Isonychia 

2 

FC 

Leptophlebiidae 

Leptophlebia 

4 

CG 

Paraleptophlebia 

1 

CG 

Polvmitarcidae 

Ephoron 

2 

CG 

Potamanthidae 

Anlhopotamus 

4 

CG 

Siphlonuridae 

Parameletus 

7 

CG 

Siphlonunis 

7 

CG 

Tricoryahidae 

Leptohvphes 

4 

CG 

Tricorylhodes 

4 

CG 

Hemiplera 

Veliidae 

Rhayovelia 

8 

P 
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Order 

Family 

Genus 

Organic  Pollution 
Tolerance  Value 

Functional  Feeding 
Group  Designation 

Megaloptera 

Corydalidae 

Cory  dal  us 

4 

P 

Ni^ronia 

2 

P 

Sialidae 

Si  alls 

4 

P 

Sis\’ridae 

Sisyra 

1 

P 

Odonata 

Coenagrionidae 

Argia 

6 

P 

Nehalennia 

7 

P 

Gomphidae 

Arigomphus 

4 

P 

Gomphus 

5 

P 

Stylogomphiis 

4 

P 

Plecoptera 

Capniidae 

Paracapnia 

1 

SH 

Chloroperlidae 

Alloperla 

0 

CG 

Leuctridae 

Leuctra 

0 

SH 

Nemouridae 

Amphinemura 

2 

SH 

Peltoperlidae 

Peltoperla 

2 

SH 

Perlidae 

Acroneuha 

0 

P 

Agnetina 

2 

P 

Eccoptura 

2 

P 

Neoperla 

J 

P 

Paragnetina 

1 

P 

Perlesta 

4 

P 

Perlodidae 

Cultus 

2 

P 

Pteronarcyidae 

Pteronarcys 

0 

SH 

Taeniopterygidae 

Strophopteryx 

■*> 

SH 

Trichoptera 

Brachycentridae 

Brachycentrus 

1 

FC 

Micrasema 

2 

SH 

Glossomatidae 

Glossosoma 

0 

SC 

Hydropsychidae 

Ceratopsyche 

4 

FC 

Cheumatopsyche 

5 

FC 

Hydropsyche 

4 

FC 

Macrostemum 

3 

FC 

Potamyia 

5 

FC 

Leptoceridae 

Mystacides 

4 

CG 

Philopotamidae 

Chimarra 

4 

FC 

Dolophilodes 

0 

FC 

Polycentropodidae 

Neureclipsis 

7 

FC 

Nyctiophylax 

5 

FC 

Polycentropus 

6 

FC 

Ps>’chomyiidae 

Lype 

2 

CG 

Rhyacophilidae 

Rhyacophila 

1 

P 

Amphipoda 

Gammaridae 

Gammarus 

6 

SH 

Talitridae 

Hyalella 

8 

SH 

Isopoda 

Asellidae 

Caecidotea 

8 

SH 

Decapoda 

Cambaridae 

Cambarus 

6 

CG 

Orconectes 

6 

SH 

Procambarus 

6 

SH 
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Order 

Family 

Genus 

Organic  Pollution 
Tolerance  Value 

Functional  Feeding 
Group  Designation 

Gastropoda 

Ancylidae 

Fernssia 

7 

SC 

Lymnaeidae 

Lvmnaea 

1 

t 

SC 

Physidae 

Phvsa 

8 

SC 

Viviparus 

1 

Planorbidae 

Gvrauliis 

6 

SC 

Pelec\poda 

Corbiculidae 

Corbtcula 

4 

FC 

Sphaeriidae 

Psidium 

8 

FC 

Hydracarina 

7 

P 

Gnathobdellida 

Hirudinidae 

Helobdella 

6 

P 

Haplotaxida 

Naididae 

Nias 

8 

CG 

Tubificidae 

10 

CG 

Lumbriculidae 

Rhvnchelmis 

8 

CG 

Gordioida 

Gordiidae 

Gordius 

9 

P 

Rh>Tichobdellida 

Glossiphoniidae 

Batracobdella 

6 

P 

Tricladida 

Planariidae 

Dugesia 

7 

P 
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Appendix  B 


Raw  Benthic  Macroinvertebrate  Data  From  Sample  Sites 
IN  THE  Lower  Susquehanna  Subbasin 
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Order 

Family 

Genus 

BERM  11.0  1 CNWG1.8  | 

CODO  34.1 

DEER  30.1  j EBOC  5.3  j 

S4ac  i 64ac  | 

64ac 

64ac  1 64ac  | 

Coleoptera 

Elmidae 

Ancyronyx 

1 1 1 

1 

Dubiraphia 

1 ! 1 i 

Macronychus 

1 1 

Microcylloepus 

Opnoservus 

T 

: 1 1 

51 

Ordobrsvia 

Stenelmis 

23 

10 

28 

21 

Gviinidae 

Dineuns 

Hvdrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephemis 

8 

13 

Eciopria 

Diptera 

Athericidae 

Aiherix 

Chironomidae 

7 

7 

13 

12 

S 

Dixidae 

Empididae 

Hemerodromia 

•) 

Simuliidae 

2 

5 

3 

Tabanidae 

Tabanus 

Tipulidae 

Ar.tocha 

5 

Hexatoma 

Limoma 

1 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

6 

33 

4 

7 

11 

Cenrroptilum 

Pseudocloeon 

1 

Caenidae 

Brachycercus 

Caenis 

1 

Ephemerellidae 

Dninella 

Evhemerella 

Serratella 

Ephemeridae 

Evhemera 

Hexa^ema 

Heptageniidae 

Epeorus 

Heptagenia 

5 

Leucrocuta 

Slenacron 

Stenonema 

3 

6 

4 

8 

Isonychiidae 

honychia 

11 

6 

28 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anthopoiamus 

Siphlonuridae 

Parameleius 

Siphlonunts 

Tricorythidae 

Lepiohyphes 

Tncorythodes 

1 

Megaloptera 

Corydalidae 

Corydalus 

1 

i. 

Nigroma 

Sialidae 

Sialis 

1 

4 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

1 

Odonata 

Coenagrionidae 

Argia 

Xehalennia 
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Order 

Family 

Genus 

BERM  11.0 

CNWG  1.8 

CODO  34.1 

DEER  30.1 

EBOC  5.3 

64ac 

64ac 

64ac 

64ac 

64ac 

Gompbidae 

Angomphus 

Gomphus 

1 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapma 

Cbloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

2 

1 

2 

Nemouridae 

Amphmemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

1 

1 

2 

Agnetina 

Eccoptura 

Neoperla 

Paragnetina 

2 

Perlesta 

Perlodidae 

Cidlus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycentrus 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsycbidae 

Ceratopsyche 

10 

9 

5 

Cheumatopsyche 

31 

21 

15 

Hydropsyche 

19 

10 

6 

4 

Klacrostemum 

Potamyia 

4 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

15 

Dolophilodes 

1 

Polycentropodidae 

Neureclipsis 

Nycnophylax 

Polyceniropiis 

Psychomyiidae 

Lype 

Rhyacopbilidae 

Rhyacophila 

■Ajnphipoda 

Gammaridae 

Gammarus 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procam  barus 

Gastropoda 

Ancylidae 

Ferrissia 

Lymnaeidae 

Lymnaea 

Pbysidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Spbaeriidae 

Psidium 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossipboniidae 

Batracobdella 

Tricladida 

Planariidae 

Diigesia 
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ECON  0.0 

LCON  1.5 

NBMY  0.0 

SBCC  1.2 

SBCD  3.6 

Order 

Family 

Genus 

64ac 

S4ac 

64ac 

64ac 

64ac  1 

Coleoptera 

Elmidae 

■incyronyx 

Dubiraphia 

Kfacronychtts 

Microcylloepus 

Optioservus 

1 

10 

i 

Ordobrevia 

8 

1 

1 

Stenelmis 

3 

30 

35 

16 

Gyrinidae 

Dineutis 

Hydrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephenus 

3 

11 

5 

1 

Ectopna 

Diptera 

Athericidae 

Athervc 

Chironomidae 

16 

9 

1 

18 

7 

Dixidae 

Empididae 

Hemerodromia 

Simuliidae 

13 

18 

1 

2 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

1 

6 

4 

Hexatoma 

1 

1 

Limoma 

1 

3 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

26 

10 

17 

19 

20 

Centropldum 

P seudocloeon 

5 

Caenidae 

Brachycercus 

Caems 

1 

Ephemerellidae 

Drunella 

Ephemerella 

1 

Serratella 

Ephemeridae 

Ephemera 

Hexa^ema 

Heptageniidae 

Epeorus 

5 

Heptagema 

11 

Leucrocuta 

■) 

Stenacron 

Stenonema 

34 

8 

20 

6 

27 

Isonychiidae 

honychia 

11 

5 

17 

2 

Leptophlebiidae 

Leptophlebia 

Paraleplophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anihopotamus 

Siphlonuridae 

Parameletus 

Siphlonurus 

Tricorythidae 

Leptohyphes 

Theory  thodes 

1 

1 

Megaloptera 

Corydalidae 

Corydahts 

1 

1 

Nigronta 

1 

Sialidae 

Sialis 

3 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

1 

Odonata 

Coenagrionidae 

Argia 

Nehalenma 
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Order 

Family 

Genus 

ECON  0.0 

LCON  1.5 

NBMY  0.0 

SBCC  1.2 

SBCD  3.6 

64ac 

64ac 

64ac 

64ac 

64ac 

Gomphidae 

Angomphus 

Gotnphus 

1 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapnia 

Chloroperlidae 

Alloperla 

Leuctridae 

Leucrra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acromuna 

3 

Agnetina 

EccopXura 

Neoperla 

Paragnetina 

Perlesta 

Perlodidae 

Cullus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycenims 

Micrasema 

1 

Glossomatidae 

Glossosoma 

Hydropsvchidae 

Ceratopsyche 

7 

11 

30 

Cheumatopsyche 

8 

6 

5 

10 

7 

Hydropsyche 

1 

16 

7 

Macrostemum 

Potamyia 

2 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

1 

8 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammarus 

2 

2 

TaJitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

10 

Decapoda 

Cambaridae 

Cambarus 

Orconecres 

1 

1 

Procambarus 

Gastropoda 

■Ancylidae 

Femssia 

L>Tnnaeidae 

Lymnaea 

Physidae 

Physa 

Vivipants 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidiiim 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

1 

1 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

1 

1 

1 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Bairacobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

Genus 

SBMY  0.0 

WBOC  4.3 

CCLC12.2  1 HAMM  0.2  i 

KRTZ1.5  1 

64ac 

64ac 

S4d  i 64d 

64d  i 

Coleoptera 

Elmidae 

Ancyrony-x 

1 1 

1 

Dubiraphia 

1 

1 

Macronychns 

1 

A/ icrocylloepus 

Opnoservits 

-> 

1 

1 

Ordobrevia 

*> 

Sienelmis 

17 

5 

30 

38 

4 

GvTinidae 

Dineuns 

1 

H>'drophiUdae 

Berosus 

Hydrobiiis 

Psephenidae 

Psephenus 

3 

Eciopria 

Diptera 

Athericidae 

Atherix 

7 

Chironomidae 

5 

23 

3 

4 

4 

Dixidae 

Empididae 

Hemerodromia 

Simuliidae 

*) 

15 

1 

14 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

1 

1 

Hexaloma 

Limonia 

3 

Tipula 

-) 

1 

Ephemeroptera 

Baetidae 

Baetis 

16 

23 

7 

30 

14 

Cenrroptilum 

1 

1 

Pseudocloeon 

4 

Caenidae 

Brachycercus 

Caems 

Ephemerellidae 

Drunella 

Ephemerella 

Serratella 

Ephemeridae 

Ephemera 

Hexagema 

Heptaaeniidae 

Epeorus 

5 

Pbeptagenia 

Leucrocuta 

3 

Stenacron 

1 

Stenonema 

11 

8 

6 

5 

Isonychiidae 

Isonychia 

4 

15 

Leptophlebiidae 

Leptophlebia 

Paraleplophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anihopotamus 

Siphlonuridae 

Parameletus 

Siphlonuna 

Tncorythidae 

Lepiohyphes 

Tncorythodes 

1 

8 

Megaloptera 

Cory'dalidae 

Corydalus 

1 

8 

Nigronia 

Sialidae 

Stalls 

3 

Sisyndae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

Nehalenma 

1 
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Order 

Family 

Genus 

SBMYO.O 

WBOC  4.3 

CCLC  12.2 

HAMM  0.2 

KRT21.5 

64a  c 

S4ac 

64d 

64d 

64d 

Gomphidae 

Angomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapma 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

7 

8 

Agneuna 

5 

Eccopiura 

Neoperla 

Paragnetina 

-) 

Perlesta 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

Taeniopterv'gidae 

Strophopteiyx 

Trichoptera 

Brachycentridae 

Brachycentrus 

1 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

6 

16 

32 

1 

10 

Cheumalopsyche 

5 

7 

7 

19 

Hydropsyche 

2 

9 

4 

3 

13 

Macrosremum 

Potamyia 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

Dolophdodes 

Polycentropodidae 

Neureclipsis 

1 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhvacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammarus 

1 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambarus 

Gastropoda 

.Ancylidae 

Fernssia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

2 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

LCHK0.4  1 

LCNT  1.7 

MIDD  0.2 

MILL  0.3  i 

MUDD0.2 

Genus 

64d  i 

64d 

64d 

64d 

64d  i 

Coleoptera 

Elmidae 

Ancyronyx 

1 

1 

1 

Diibiraphia 

i 

1 1 

Macronychtis 

1 

1 

1 1 

Microcylloepus 

Oplioservus 

8 

1 

2 

1 

Ordobrevia 

7 

5 

Stenelmis 

62 

44 

5 

46 

53 

G>Tinidae 

Dineutis 

Hydrophilidae 

Berosus 

Hydrobuis 

Psephenidae 

Psephenus 

1 

1 

Ecropria 

Diptera 

Athericidae 

Atherix 

Chironomidae 

4 

13 

28 

21 

Dixidae 

Empididae 

Hemerodromta 

1 

Simuliidae 

-) 

1 

1 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

Hexaloma 

Limoma 

Tipida 

Ephemeroptera 

Baetidae 

Baetis 

10 

17 

1 

Cemroptilum 

4 

Pseudocloeon 

Caenidae 

Brachycerciis 

Caems 

1 

Ephemerellidae 

Drunella 

Ephemerella 

Serratella 

Ephemeridae 

Ephemera 

Hexagema 

Heptageniidae 

Epeorus 

Heptagenia 

Leucrocuta 

1 

Stenacron 

1 

Stenonema 

3 

5 

2 

Isonychiidae 

Isonychia 

1 

3 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anthopotamus 

Siphlonuridae 

Parameletus 

Siphlonunis 

Tricorythidae 

Leptohyphes 

Tncorythodes 

1 

2 

Megaloptera 

Corydalidae 

Corydalus 

3 

Nigronia 

1 

Sialidae 

Stalls 

4 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

1 

Odonata 

Coenagrionidae 

Argta 

1 

Nehalenma 
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Order 

Family 

Genus 

LCHK  0.4 

LCNT1.7 

MIDD  0.2 

MILL  0.3 

MUDD0.2 

64d 

64d 

64d 

64d 

64d 

Gompbidae 

Arigomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracaprtia 

Cbloroperlidae 

Alloperla 

Leuctridae 

Leucxra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Pehoperla 

Perlidae 

Acroneuria 

Agnetina 

Eccoptura 

Neoperla 

Paragnetina 

Perlesta 

Perlodidae 

Culms 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Slrophopteryx 

Tnchoptera 

Bracbycentridae 

Brachycentnis 

Klicrasema 

Glossomatidae 

Glossosoma 

Hydropsycbidae 

Ceratopsyche 

9 

21 

2 

Cheumatopsyche 

2 

1 

7 

11 

Hydropsyche 

22 

5 

22 

4 

Macrostemum 

Potamyia 

1 

Leptoceridae 

Mystaades 

Pbilopotamidae 

Chimarra 

2 

1 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

Nyctiophylax 

Polycentropus 

Psycbomyiidae 

Lype 

Rbyacopbilidae 

Rhyacophda 

Amphipoda 

Gammaridae 

Gammarus 

2 

7 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambarus 

Gastropoda 

Ancylidae 

Ferrissia 

Lymnaeidae 

Lymnaea 

Pbysidae 

Physa 

Vivipanis 

Planorbidae 

Gyraulus 

1 

Pelecypoda 

Corbicubdae 

Corbicula 

Spbaeriidae 

Psidium 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

2 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossipboniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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SBEV2.5 

BERM  1.2 

CCLC  0.4 

CHCK  3.0 

CNTG  0.9 

Order 

Family 

Genus 

64d 

64L 

64L 

64L 

64L  1 

Coleoptera 

Elmidae 

Ancyronyx  | 

i 

Dubiraphia  | 

Macronychus 

Microcylloepus 

Opnosennis 

I 

1 

1 

1 

Ordobrevia 

4 

2 

Stenelmis 

62 

25 

57 

54 

25 

GvTinidae 

Dineutis 

Hydrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephenus 

10 

1 

Eclopria 

Diptera 

Athericidae 

Athenx 

Chironomidae 

11 

4 

5 

1 

5 

Dixidae 

Empididae 

Hemerodromia 

1 

Simuliidae 

4 

12 

1 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

1 

Hexaioma 

Limonia 

Tipula 

3 

Ephemeroptera 

Baetidae 

Baetis 

32 

8 

2 

3 

Centropnlum 

4 

9 

1 

Pseudocloeon 

Caenidae 

Brachycercus 

1 

Caenis 

Ephemerellidae 

Drunella 

Evhemerella 

Serraiella 

5 

Ephemeridae 

Ephemera 

Hexagema 

Heptageniidae 

Epeonis 

Hepragenia 

Leucrocuta 

Stenacron 

4 

Stenonema 

2 

9 

7 

13 

Isonychiidae 

Jsonychia 

1 

4 

Leptophlebiidae 

Leptophlebia 

Paralepiophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anthopolamus 

Siphlonuridae 

ParameletiiS 

Siphlonurus 

1 

Tricorythidae 

Leplohyphes 

3 

Tncoryihodes 

1 

Megaloptera 

Condalidae 

Corydalus 

1 

4 

1 

Nigroma 

Sialidae 

Sialis 

Sisyndae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenaerionidae 

Argia 

Nehalennia 
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Order 

Family 

Genus 

SBEV  2.5 

BERM  1.2 

CCLC  0.4 

CHCK3.0 

CNTG  0.9 

64d 

64L 

64L 

64L 

64L 

Gomphidae 

Arigomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapma 

Chloroperlidae 

Alloperla 

1 

Leuctridae 

Leuctra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuna 

Agneima 

Eccoptura 

Neoperla 

Paragneiina 

Perlesia 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Slrophopieryx 

Trichoptera 

Brachycentridae 

Brachycentrus 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

7 

2 

7 

6 

Cheumatopsyche 

9 

12 

6 

34 

Hydropsyche 

89 

8 

15 

10 

24 

Klacrostemum 

Potamyia 

Leptoceridae 

Mystactdes 

Philopolamidae 

Cfiimarra 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

Nyctiophylax 

Polyceniropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammarus 

2 

6 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambanis 

Orconecies 

Procambarus 

Gastropoda 

Ancylidae 

Fernssia 

LvTnnaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidiiim 

1 

Hydracarina 

1 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

1 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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CNTG  22.6 

CNTG  32.7 

CNTG  43.9 

CODO  0.6 

CODO  33.0 

Order 

Family 

Genus 

64L 

64L  1 

64L 

64L 

64L 

Coleoptera 

Elmidae 

-Lncyronyx 

Dubiraphta 

1 

1 

Macronychus 

1 

Microcylloepus 

Optioservus 

6 

1 

3 

1 

Ordobrevia 

1 

Stenelmis 

17 

90 

29 

38 

GvTinidae 

Dineutis 

Hydrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephentis 

1 

1 

Ectopna 

Diptera 

xA.thericidae 

Athervx 

Chironomidae 

16 

2 

8 

1 

8 

Dixidae 

Empididae 

Hemerodromia 

1 

35 

Simuliidae 

4 

9 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

Hexatoma 

Limonia 

Tipula 

Ephemeroptera 

Baetidae 

Baens 

2 

6 

5 

9 

Centropttlum 

2 

Pseudocloeon 

Caenidae 

Brachycercus 

Caenu 

9 

Ephemerellidae 

Drunella 

Ephemerella 

Serratella 

Ephemeridae 

Ephemera 

Hexa^ema 

Heptageniidae 

Epeonis 

Heptaoema 

1 

Leucrocuia 

Stenacron 

27 

1 

5 

Stenonema 

10 

6 

3 

1 

Isonychiidae 

Isonychia 

1 

1 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anthopotamus 

Siphlonuridae 

Parameletus 

Siphlonurus 

Tricorythidae 

Leplohyphes 

Tncorythodes 

1 

•) 

Megaloptera 

Corydalidae 

Corydalus 

Nigronia 

Sialidae 

Stalls 

2 

1 

1 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

\Nehalenma 
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Order 

Family 

Genus 

CNTG  22.6 

CNTG  32.7 

CNTG  43.9 

CODO  0.6 

CODO  33.0 

64L 

64L 

64L 

64L 

64L 

Gomphidae 

Arigomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapma 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

2 

Nemouridae 

Amphmemiira 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

Agnetina 

Eccoptura 

Neoperla 

Paragnetina 

Perlesta 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Slrophopteryx 

Trichoptera 

Brachycentridae 

Brachycentrus 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceraiopsyche 

5 

6 

4 

36 

Cheumatopsyche 

2 

24 

Hydropsyche 

2 

17 

Macrostemiim 

Poxamyia 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

1 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

type 

Rhyacophilidae 

Rhyacophila 

.Amphipoda 

Gammaridae 

Gammarus 

3 

2 

31 

10 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

29 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

1 

Procambarus 

Gastropoda 

Ancylidae 

Fernssia 

7 

Lymnaeidae 

Lymnaea 

2 

2 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

1 

2 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

2 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

Genus 

DEER  1.2 

MDDY  3.3 

OCTO  1.0 

PQEA15.2  1 

PQEA  3.3 

64L 

64L  1 

64L 

64L  i 

64L  ! 

Coleoptera 

Elmidae 

Ancyronyx 

1 

1 

Dubiraphia 

Alacronychus 

1 

i 

Microcylloepus 

1 

Optioservus 

1 

1 

1 

1 

Ordobrevia 

1 

6 

1 

3 

Stenelmis 

23 

41 

50 

Gynnidae 

Dineutis 

Hydrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephemis 

1 

3 

3 

Ectopna 

Diptera 

Athericidae 

Athenx 

Chironomidae 

9 

5 

1 

6 

4 

Dixidae 

Empididae 

Hemerodromia 

1 

Simuliidae 

1 

7 

2 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

Hexaloma 

Limonia 

1 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

34 

29 

29 

3 

5 

Ceniroptilum 

4 

Pseudocloeon 

4 

Caenidae 

Brachycercus 

Caems 

Ephemerellidae 

Drunella 

Ephemerella 

Serraislla 

2 

Ephemeridae 

Ephemera 

Hexagema 

Heptageniidae 

Epeorus 

") 

Hepragema 

Leucrocuta 

Sienacron 

Stenonema 

6 

3 

8 

13 

26 

Isonychiidae 

Isonychia 

2 

13 

1 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anthopoiamus 

Siphlonuridae 

Paramelelus 

Siphlonurus 

Tricorythidae 

Leptohyphes 

Tncorylhodes 

1 

Megaloptera 

Corydalidae 

Corydalus 

2 

1 

Nigronia 

Sialidae 

Sialis 

4 

Sisyndae 

Stsyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

Xehalenma 
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Order 

Family 

Genus 

DEER  1.2 

MDDY  3.3 

OCTO  1.0 

PQEA15.2 

PQEA  3.3 

64L 

64L 

64L 

64L 

64L 

Gomphidae 

Angomphus 

Gompkus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapma 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

2 

1 

Agnetina 

Eccoptura 

Neoperla 

Paragnetina 

5 

Perlesta 

9 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycenlnis 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

12 

17 

6 

7 

Cheumatopsyche 

1 

8 

2 

19 

Hydropsyche 

3 

9 

1 

30 

7 

Macrostemum 

Potamyia 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

1 

Dolophilodes 

1 

Polycentropodidae 

Neureclipsis 

2 

1 

Nyctiophylax 

Polyceniropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammams 

35 

2 

2 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

1 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambarus 

Gastropoda 

■Ancylidae 

Ferrissia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

1 

Sphaeriidae 

Psidium 

Hydracarina 

1 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

N'aididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

1 

1 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

Genus 

SBCD  0.4 

SWAT  2.3 

WCON  2.9  1 

WCON  20.4 

WCON  56.3 

64L 

64L 

64L  1 

64L 

64L  1 

Coleoptera 

Elmidae 

Ancyronyx 

1 

i 

Dubiraphia 

1 

Klacronychus 

Khcrocylloepus 

Ovnoservus 

1 

11 

1 

6 

Ordobrevia 

1 

6 

Slenelmis 

1 

21 

20 

*> 

47 

Gynnidae  ' 

Dmeutis 

1 

Hydrophilidae 

Berosus 

Hydrobms 

Psephenidae 

Psephenus 

1 

Eclopna 

Diptera 

Athericidae 

Athervc 

Chironomidae 

3 

18 

7 

5 

7 

Dixidae 

Empididae 

Hemerodromta 

1 

1 

Simuliidae 

3 

15 

6 

43 

5 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

Hexawma 

Limonia 

7 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

8 

6 

11 

7 

12 

CentropTihim 

3 

Pseudocloeon 

3 

1 

Caenidae 

Brachycerciis 

2 

1 

Caenis 

-) 

4 

Ephemerellidae 

Drunella 

Ephemerella 

Serratella 

Ephemeridae 

Ephemera 

H exagema 

Heptageniidae 

Epeonis 

Heptagenia 

3 

1 

Leucrocula 

Stenacron 

Stenonema 

40 

10 

27 

3 

1 

Isonychiidae 

Isonychia 

13 

4 

22 

3 

13 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

7 

Potamanthidae 

Anthopotamus 

1 

Siphlonuridae 

Parameletus 

Siphlonurus 

Tricorythidae 

Leptohyphes 

Tricorylhodes 

Megaloptera 

Corx'dalidae 

Corydalns 

4 

3 

1 

Nigronia 

4 

Sialidae 

Slabs 

1 

Sis>Tidae 

Sisyra 

Hemiptera 

Veliidae 

Rhagoveha 

Odonata 

Coenagrionidae 

Argia 

Nehalenma 
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Order 

Family 

Genus 

SBCD0.4 

SWAT  2.3 

WCON  2.9 

WCON  20.4 

WCON  56.3 

64L 

64L 

64L 

64L 

64L 

Gomphidae 

Arigomphus 

Gomphus 

Srylogomphus 

Plecoptera 

Capniidae 

Paracapnia 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

1 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

1 

Agneiina 

Eccoptura 

Neoperla 

Paragnetina 

Perlesta 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycentnis 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

6 

3 

2 

Cheumatopsyche 

15 

4 

30 

10 

3 

Hydropsyche 

14 

1 

41 

5 

9 

Macrostemiim 

Potamyia 

1 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

10 

16 

Dolophilodes 

Polycentropodidae 

Neureclipsu 

1 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

xAjnphipoda 

Gammaridae 

Gammarus 

2 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambarus 

Gastropoda 

•Ancylidae 

Ferrissia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidiiim 

2 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

Genus 

WCON  66.5 

MNTN  3.0 

BEAV0.6 

ELKN  0.1 

LTRT0.1  1 

64L 

66 

67a 

67a 

67a  I 

Coleoptera 

Elmidae 

Ancyronyx 

1 i 

DiibiraDhia 

Macronychus 

1 

Microcylloepits 

Optioservus 

8 

1 

7 

3 

Ordobrevta 

3 

Stenelmis 

21 

39 

1 

GvTinidae 

Dineutis 

Hydrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephenus 

13 

3 

18 

T 

Ectopna 

DipTera 

Athericidae 

Atherix 

Chironomidae 

27 

14 

15 

103 

17 

Dixidae 

Empididae 

H emerodromia 

4 

3 

Simuliidae 

10 

4 

8 

4 

Tabanidae 

Tabamts 

Tipulidae 

Antocha 

4 

1 

Hexaloma 

Limonia 

Tipula 

2 

Ephemeroptera 

Baetidae 

Baens 

7 

20 

11 

Centroptilum 

Pseudocloeon 

Caenidae 

Brachycercus 

7 

1 

Caems 

Ephemerellidae 

Drunella 

Ephemerella 

6 

Serratella 

1 

Ephemeridae 

Ephemera 

Hexagema 

1 

Heptageniidae 

Epeorus 

-» 

Heptagema 

14 

2 

Leucrocuta 

8 

Stenacron 

Stenonema 

17 

4 

1 

3 

Isonychiidae 

honychia 

1 

4 

36 

Leptophlebiidae 

Lepiophlebia 

1 

Paraleptophlebia 

4 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anthopoiamus 

Siphlonuridae 

Paramelems 

1 

Siphlonurus 

Tricorythidae 

Lepwhyphes 

Tricorythodes 

Megaloptera 

Corydalidae 

Corydalus 

Nigroma 

-) 

Sialidae 

Stalls 

3 

Sisvridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelta 

Odonata 

Coenagrionidae 

Argia 

Xehalenma 
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Order 

Family 

Genus 

WCON  66.5 

MNTN  3.0 

BEAV0.6 

ELKN  0.1 

LTRT  0.1 

64L 

66 

67a 

67a 

67a 

Gomphidae 

Arigomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapnia 

4 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

12 

Nemouridae 

Amphinemura 

1 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

8 

Agnenna 

Eccoptura 

Neoperla 

Paragnetina 

9 

1 

Perlesia 

Perlodidae 

Cultiis 

Pteronarcyidae 

Pteronarcys 

1 

Taeniopterygidae 

Strophopteryx 

3 

Trichoptera 

Brachycentridae 

Brachycentnis 

Micros  em  a 

Glossomatidae 

Glossosoma 

3 

Hydropsychidae 

Ceratopsyche 

1 

4 

18 

Cheumatopsyche 

4 

6 

11 

Hydropsyche 

10 

8 

1 

4 

XIacrostemum 

Potamyia 

2 

Leptoceridae 

Xlystacides 

1 

Philopotamidae 

Chimarra 

1 

2 

1 

Dolophilodes 

Polyceniropodidae 

Neureclipsis 

Nyctiophylax 

1 

Polycentropiis 

Psychomyiidae 

Lype 

2 

Rhyacophilidae 

Rhyacophda 

-Amphipoda 

Gammaridae 

Gammarus 

1 

70 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

6 

30 

Decapoda 

Cambaridae 

Cambanis 

11 

Orcomctes 

Procambams 

Gastropoda 

■Ancylidae 

Femssia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Vivjparus 

Planorbidae 

Gyraulus 

4 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

2 

Hydracarina 

1 

1 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbricultdae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

RhNTichobdellida 

Glossiphoniidae 

Batracobdella 

1 

Tncladida 

Planariidae 

Dugesia 

Order 

Family 

Genus 

MISP0.5 

PENN  50.6 

SPRG  0.0 

TRDLO.O  1 

WPIN  0.8  i 

67a 

67a 

67a 

67a  i 

67a 

Coleoptera 

Elmidae 

Ancyronyx 

1 

1 

Dubiraphia 

1 

i 

Macronychus 

1 

Alicrocylloepus 

Opnoservus 

15 

4 

2 

12 

Ordobrevia 

•7 

Stenelmis 

14 

4 

75 

G>Tinidae 

Dineiitis 

1 

Hydrophilidae 

Berosus 

; 

Hydrobius 

1 

Psephenidae 

Psephenus 

1 

j 

Eciopna 

1 

Diptera 

Athericidae 

Atherix 

*7 

Chironomidae 

31 

18 

3 

33 

181 

Dixidae 

Empididae 

Hemerodromia 

Simuliidae 

5 

1 

3 

Tabanidae 

Tabanus 

1 

Tipulidae 

Antocha 

5 

Hexatoma 

1 

Limoma 

1 

Tipula 

") 

1 

Ephemeroptera 

Baetidae 

Baetis 

15 

13 

Centroptilum 

Pseudocloeon 

Caenidae 

Brachycercus 

Caenis 

Ephemerellidae 

Dnmella 

18 

Ephemerella 

1 

Serratella 

Ephemendae 

Ephemera 

1 

Hexagenia 

Heptageniidae 

Epeonu 

Heptagema 

Leucroaita 

Sienacron 

Stenonema 

1 

1 

Isonychiidae 

Isonychia 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

1 

PoKmitarcidae 

Ephoron 

Potamanthidae 

Amthopoiamus 

Siphlonuridae 

Paramelelus 

Siphlonurus 

Tricorythidae 

Leptohyphes 

Tncoryihodes 

1 

1 

11 

Meaaloptera 

Corydalidae 

Corydalus 

Nigronia 

3 

Sialidae 

Stalls 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

Nehalenma 

123 


Order 

Family 

Genus 

MISP0.5 

PENN  50.6 

SPRG  0.0 

TRDL  0.0 

WPIN  0.8 

67a 

67a 

67a 

67a 

67a 

Gomphidae 

Angomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capmidae 

Paracapnia 

1 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

Nemouridae 

Amphmemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acronejiria 

1 

Agnetina 

1 

Eccoptura 

Neoperla 

Paragnetina 

Perlesta 

Perlodidae 

Cultiis 

Pteronarcyidae 

Pieronarcys 

Taeniopterygidae 

Strophopreryx 

Trichoptera 

Brachycentridae 

Brachycenirus 

Micrasema 

Glossomatidae 

Glossosoma 

1 

Hydropsychidae 

Ceratopsyche 

21 

71 

1 

Cheumatopsyche 

5 

1 

Hydropsyche 

3 

Macrostemum 

Potamyia 

Leptoceridae 

Myslacides 

Philopotamidae 

Chimarra 

2 

Dolophilodes 

2 

Polycentropodidae 

Neureclipsis 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

RJryacophila 

2 

.\mphipoda 

Gammaridae 

Gammanis 

8 

6 

105 

4 

Talitridae 

Hyalella 

1 

Isopoda 

Asellidae 

Caecidotea 

4 

7 

3 

Decapoda 

Cambaridae 

Cambarus 

1 

Orconectes 

Procambarus 

2 

Gastropoda 

.•\ncylidae 

Ferrissia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Vivipanis 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

1 

Gordioida 

Gordiidae 

Gordius 

1 

Rhvnchobdellida 

Glossiplioniidae 

Batracobdella 

Tricladida 

Planariidae 

Diigesia 
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Order 

Family 

Genus 

ARMS  0.1 

EMAH  17.1 

LRLN  0.8 

LSWT0.6  i 

LSHM  0.3 

67b 

67b 

67b 

67b  1 

67b  1 

Coleoptera 

Elmidae 

Ancyram’x 

i 

1 

Diibirapha 

1 

\Iacronychus 

1 

Microcylloepus 

1 

Opnoservus 

4 

Ordokrevia 

5 

1 

Slene'imis 

1 

8 

29  ' 

4 

Gvrinidae  ' 

Dineutis 

1 

1 

Hydrophilidae 

Berosus 

5 

Hydrobius 

Psephenidae 

Psephenus 

1 

23 

Eciopna 

Diptera 

Athericidae 

Atherix 

15 

25 

Chironomidae 

1 

42 

1 

36 

7 

Dixidae 

Empididae 

Hemerodromia 

Simuliidae 

4 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

1 

Hexatoma 

Limoma 

Tipula 

1 

Ephemeroptera 

Baetidae 

Baeris 

3 

21 

3 

10 

11 

Centroptilum 

2 

Pseudocloeon 

1 

Caenidae 

Brachycercus 

Caenis 

Ephemerellidae 

Drunella 

Ephemerella 

Serratella 

Ephemeridae 

Ephemera 

Hexagema 

Heplageniidae 

Epeonis 

1 

Heptagenia 

3 

21 

Leucrocura 

Stenacron 

Stenonema 

3 

2 

2 

Isonychiidae 

Isonychia 

10 

122 

3 

28 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

1 

Potamanthidae 

Anthopotamus 

Siphlonuridae 

Paramelelus 

Siphlonunis 

Tricor>1hidae 

Leptohyphes 

Tncorythodes 

1 

Megaloptera 

Corydalidae 

Corydalus 

4 

1 

Nigronia 

1 

Sialidae 

Sialis 

Sisyridae 

Sisyra 

Hemiptera 

\'eliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

Xehaier.ma 

Order 

Family 

Genus 

ARMS  0.1 

EMAH  17.1 

LRLN  0.8 

LSWT  0.6 

LSHM  0.8 

67b 

67b 

67b 

67b 

67b 

Gomphidae 

Angomphus 

4 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapnia 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

1 

1 

Nemouridae 

Amphinemura 

Peltoperlidae 

Pelloperla 

1 

Perlidae 

Acromuria 

10 

2 

Agnetina 

Eccoptura 

Neoperla 

Paragnetina 

1 

2 

Perlesta 

11 

Perlodidae 

Cultus 

Pteronarcvidae 

Pteronarcys 

6 

T aeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycentrus 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

1 

4 

25 

Cheumatopsyche 

3 

Hydropsyche 

51 

95 

Macrostemum 

19 

Potamyia 

2 

Leptoceridae 

Mysiacides 

Philopotamidae 

Chimarra 

2 

8 

Dolophilodes 

72 

Polycentropodidae 

Neureclipsis 

Nycttophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophita 

12 

Amphipoda 

Gammaridae 

Gammarus 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambarus 

Gastropoda 

Ancylidae 

Femssia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

4 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

1 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Balracobdella 

Tricladida 

Planariidae 

Dugesia 

126 


Order 

Family 

Genus 

MIDL  24.7 

MNDA  0.1 

NMHT  0.0 

NMID  0.7 

PAXT  8.4  1 

67b 

67b 

67b 

67b 

67b  1 

Coleoptera 

Elmidae 

Ancyronvx 

1 

Dubiravhia 

1 

Macronychus 

14 

Microcylloepus 

1 

Optioservus 

-) 

10 

9 

13 

5 ; 

Ordobrevia 

Stenelmis 

8 

23 

14 

3 

41 

Gyrinidae 

Dtneutis 

Hydrophilidae 

Berosiis 

Hydrobius 

Psephenidae 

Psephenus 

10 

13 

4 

6 

Ectopha 

Diptera 

Athericidae 

Athenx 

Chironomidae 

12 

1 

49 

47 

14 

Dixidae 

Empididae 

Hemerodromia 

3 

Simuliidae 

11 

1 

1 

Tabanidae 

Tabanus 

Tipulidae 

Aniocha 

4 

1 

Hexaioma 

Limoma 

8 

13 

Tipula 

1 

Ephemeroptera 

Baetidae 

Baetis 

30 

3 

11 

Centroplilum 

19 

Pseudocloeon 

Caenidae 

Brachycercus 

6 

2 

Caems 

1 

Ephemerellidae 

Drunella 

Ephemereila 

Serratella 

Ephemeridae 

Ephemera 

Hexagenia 

Heptageniidae 

Epeorus 

Hepragema 

5 

Leucrocuta 

Stenacron 

Stenonema 

3 

4 

2 

Isonychiidae 

honychia 

14 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

1 

Polymitarcidae 

Ephoron 

Potamanthidae 

Anthopotamus 

Siphlonuridae 

Parameletus 

Siphlonurus 

Tricorylhidae 

Leptohyphes 

Tricorythodes 

Megaloptera 

Corydalidae 

Corydalus 

3 

1 

Nigroma 

3 

4 

Sialidae 

Slabs 

3 

1 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

Nehalenma 
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Order 

Family 

Genus 

MIDL  24.7 

MNDA0.1 

NMHTO.O 

NMID  0.7 

PAXT  8.4 

S7b 

67b 

67b 

67b 

67b 

Gomphidae 

Angomplms 

Gomphus 

1 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapma 

Chloroperlidae 

Alloperla 

Leuctndae 

Leuctra 

Nemouridae 

Amphinemiira 

Peltoperlidae 

Peltoperla 

Perlidae 

Acromuria 

3 

1 

Agnetina 

Eccoptura 

Neoperla 

n 

Paragnetina 

Perlesia 

Perlodidae 

Cultus 

1 

Pteronarcyidae 

Pxeronarcys 

Taeniopterygidae 

Strophoptsryx 

Trichoptera 

Brachycentridae 

Brachycenlrus 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

4 

21 

1 

Cheumawpsyche 

57 

32 

6 

3 

Hydropsyche 

5 

9 

1 

2 

Macrostemum 

Potamyia 

4 

Leptoceridae 

Mysracides 

Philopotamidae 

Chimarra 

21 

9 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

Nycnophylax 

Polyceniropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammanis 

2 

16 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambarus 

Gastropoda 

Ancylidae 

Fernssia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 

Order  | 

Family 

FOWL  0.1  I 

QUIT  0.3  1 

SWAT  39.0  1 

SWAT  56.0  1 

WMHT  2.2 

Genus 

67b  I 

67b  T 

67b  i 

67b  1 

67b 

Coleoptera 

Elmidae 

Ancyronyx 

I 

Diibiraphia 

i 

Xfacronychtis 

I 

! 

Vlicrocylloepus 

1 

Opnosernis 

2 1 

Ordohrevia 

Stenelmis 

~i 

14 

1 

7 

G\Tinidae 

Dineiais 

Hvdrophilidae 

Berosus 

Hydrobms 

1 

Psephenidae 

Psephenus 

1 

1 

27  ! 

Eciopria 

Diptera 

Athericidae 

Athenx 

1 

Chironomidae 

8 

1 

12 

4 

Dixidae 

1 

Empididae 

Hemerodromia 

1 

21 

7 

Simuliidae 

3 

1 

Tabanidae 

Tabanus 

1 

Tipulidae 

Antocha 

1 

Hexaioma 

Limonia 

Tipula 

1 

Ephemeroptera 

Baetidae 

Baetis 

49 

8 

Centroptilum 

P^eudocloeon 

Caenidae 

Brachycercus 

Caems 

Ephemerellidae 

Drunella 

Evhemerella 

Serratella 

Ephemeridae 

Ephemera 

Hexagenia 

Heptageniidae 

Epeorus 

-> 

Hepta°enia 

Leucrocuta 

2 

StenacTon 

5 

1 

Slenonema 

6 

1 

1 

Isonvchiidae 

Isonychia 

8 

19 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Pohmitarcidae 

Ephoron 

Potamanthidae 

Anlhopotamus 

Siphlonuridae 

Parameletus 

SipMonunis 

Tricorvthidae 

Lepiohyphes 

Tricorythodes 

Megaloptera 

Corydalidae 

Corydalus 

1 

A'lgroma 

4 

Sialidae 

Stalls 

1 

SisvTidae 

Sisyra 

Hemiptera 

Veliidae 

Rhagoveha 

1 

Odonata 

Coenagrionidae 

Argia 

Nehalenma 
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Order 

Family 

Genus 

FOWL  0.1 

QUIT  0.3 

SWAT  39.0 

SWAT  56.0 

WMHT  2.2 

67b 

S7b 

67b 

67b 

67b 

Gomphidae 

Arigomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capmidae 

Paracapma 

ChJoroperlidae 

Alloperla 

Leuctridae 

Leuctra 

N'emouridae 

Arnvhinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

2 

1 

7 

Agnetina 

1 

Eccoptura 

1 

Neoperla 

Paragnetina 

Perlesta 

Perlodidae 

Cultiis 

Pteronarcyidae 

Pteronarcys 

1 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycentrus 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

4 

32 

1 

14 

Cheumatopsyche 

42 

1 

Hydropsyche 

57 

2 

Macrostemum 

9 

Potamyia 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

9 

2 

3 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammarus 

52 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

7 

Decapoda 

Cambaridae 

Cambanis 

Orconectes 

1 

Procambarus 

Gastropoda 

xAncylidae 

Fernssia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

1 

Vivipanis 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

I 

5 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

1 

Haplotaxida 

Kaididae 

Nias 

1 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

2 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

STON  0.4 

DEEP  1.2 

CLRK  3.8  1 

EPIN0.1  1 

EPIN12.7 

Genus 

67cd 

67cd 

S7cd  1 

STcd  r 

67cd 

Coleoptera 

Eknidae 

\ncyTonyx 

1 

1 

Dubiravhia 

1 

1 

\iacTonyclms 

i 

1 

Microcylloepus 

1 

1 

Opnoservus 

1 

12 

5 

-) 

Ordokrevia 

Stenelmis 

4 

-) 

3 

Gyxinidae 

Dineutis 

Hydrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephenus 

10 

8 

Ectopna 

Diptera 

Athericidae 

Athenx 

4 

5 

1 

Chironomidae 

14 

11 

13 

91 

Dixidae 

Empididae 

Hemerodromia 

1 

SLmuliidae 

6 

1 

Tabanidae 

Tabaims 

Tipulidae 

Aniocha 

1 

Hexatoma 

Limonia 

1 

Tipida 

1 

Ephemeroptera 

Baetidae 

Baelis 

12 

3 

7 

31 

26 

Centroptilum 

4 

Pseudocloeon 

6 

1 

Caenidae 

Brachycercus 

Caenis 

Ephemerellidae 

Drunella 

1 

Ephemerella 

Serrcaella 

Ephemeridae 

Evhemera 

1 

Hexagema 

Heptageniidae 

Epeorus 

Hepiagema 

1 

Leucrocuta 

1 

6 

StenacTon 

1 

Stenonema 

1 

8 

6 

1 

Isonychiidae 

Isonychia 

18 

25 

1 

1 

Leptophlebiidae 

Lepiophlebia 

Paraleptophlebia 

Polvmitarcidae 

Ephoron 

Potamanthidae 

Anthopoiamus 

Siphlonuridae 

Parameleliis 

Siphlonurus 

Tricorvthidae 

Leptohyphes 

Tricorythodes 

Megaloptera 

Corydalidae 

Corydalus 

Nigroma 

3 

1 

7 

6 

4 

Sialidae 

Sialis 

1 

5 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagnonidae 

Argia 

Nehalennia 
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Order 

Family 

Genus 

STON  0.4 

DEEP  1.2 

CLRK  3.8 

EPIN0.1 

EPIN12.7 

67cd 

67cd 

67cd 

67cd 

67cd 

Gomphidae 

Arigomphus 

Gomphus 

1 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapma 

4 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

1 

3 

1 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

16 

2 

2 

1 

Agnenna 

8 

Eccoplura 

Neoperla 

Paragmtina 

5 

2 

Perlesta 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycentrus 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

13 

37 

5 

64 

Cheumatopsyche 

12 

4 

11 

4 

15 

Hydropsyche 

14 

Macrostemum 

Potamyia 

3 

Leptoceridae 

Mystacides 

Philopotamidae 

Chmarra 

7 

1 

Dolophilodes 

1 

2 

4 

1 

Polycentropodidae 

Neureclipsis 

Nyctwphylax 

Polycentropus 

4 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

2 

Amphipoda 

Gammaridae 

Gammarus 

2 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

1 

4 

Procambarus 

Gastropoda 

Ancylidae 

Ferrissia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

Hydracarina 

4 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

1 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

LRLS  0.5 

COMO  1.3 

CONO  28.8 

CONO  51.8 

CONO  6G.0 

Genus 

67cd 

67L 

67L 

67L 

67L 

Coleoptera 

Elmidae 

■Incyronyx 

1 

Dubiraphia 

1 

1 

Xlacronychus 

1 

hhcrocylloepus 

1 

Optiosenns 

1 

10 

5 

14 

13  i 

Ordobrevia 

1 

3 

Stenelmis 

52 

36 

6 

Gyrinidae 

Dineiitis 

Hydrophilidae 

Berosus 

Hydrobius 

1 

Psephenidae 

Psevhenus 

26 

20 

8 

Ectopna 

Diptera 

Athericidae 

Alhervc 

Chironomidae 

1 

2 

2 

28 

6 

Dixidae 

Empididae 

Hemerodromia 

4 

Simuliidae 

6 

Tabanidae 

Tabanus 

Tipulidae 

Aniocha 

Hexaioma 

Limoma 

1 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

5 

40 

8 

13 

7 

Centropnlum 

Pseudocloeon 

1 

Caenidae 

Brachycercus 

6 

Caenis 

3 

Ephemerellidae 

Drunella 

Ephemerella 

1 

1 

Serratella 

Ephemeridae 

Ephemera 

Hexa^enia 

Heptageniidae 

Epeorus 

Hepta^enia 

4 

1 

Leucrocuta 

2 

Stenacron 

1 

Stenonema 

14 

17 

7 

Isonvchiidae 

hortychia 

3 

6 

7 

10 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polvmitarcidae 

Ephoron 

2 

2 

Potamanthidae 

Anthopotamus 

Siphlonuridae 

Parameletus 

Siphlonunis 

Tricorvthidae 

Leptohyphes 

Tncorythodes 

Megaloptera 

Corydalidae 

Corydalus 

1 

3 

“» 

Nigronia 

Sialidae 

Stalls 

1 

1 

Sisvridae 

Sisvra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

6 

1 

Nehalenma 

133 


Order 

Family 

Genus 

LRLS  0.5 

CONO  1.3 

CONO  28.8 

CONO  51.8 

CONO  66.0 

67cd 

67L 

67L 

67L 

67L 

Gomphidae 

Arigomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidas 

Paracapma 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuclra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuna 

1 

2 

Agnetina 

10 

1 

Eccoptura 

Neoperla 

Paragneima 

1 

Perlesta 

Perlodidae 

Culliis 

Pteronarcyidae 

Pteronarcys 

1 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycentrus 

1 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

4 

7 

13 

24 

Cheumatopsyche 

5 

9 

7 

16 

17 

Hydropsyche 

1 

12 

24 

Macrostemum 

2 

Poiamyia 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

5 

Dolophilodes 

1 

Polycentropodidae 

Neureclipsis 

1 

Nycnophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhvacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammarus 

2 

1 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

2 

1 

1 

Procambarus 

Gastropoda 

Ancylidae 

Femssia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

2 

Vivtpanis 

1 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbtcula 

Sphaeriidae 

Psidium 

1 

Hydracarina 

1 

Gnathobdellida 

Hirudirudae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

4 

1 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

Genus 

EMAH  0.2 

MHNY  0.3 

MIDL  0.7 

PENN  5.0 

PENN  30.0  1 

67L 

67L 

67L 

67L 

67L  i 

Coleoptera 

Elmidae 

Ancyronyx 

1 ! 

1 

j 

Diibiraphia 

1 

1 1 

klacronychus 

Microcylloepus 

Optioserviis 

1 

1 

12 

4 

Ordobrevia 

■) 

: 

Stenelmis 

6 

5 

9 

12 

5 

G>Tinidae 

Dineuns 

1 

Hydrophilidae 

Berosus 

Hydrobius 

Psephenidae 

Psephenus 

3 

10 

8 

10 

Ectopna 

Diptera 

Athericidae 

Athenx 

1 

8 

Chironomidae 

6 

15 

43 

16 

11 

Dixidae 

Empididae 

Hemerodromia 

14 

Simuliidae 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

Hexatoma 

Limoma 

1 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

13 

8 

16 

5 

Centroptilum 

1 

Pseudocloeon 

Caenidae 

Brachycercus 

1 

Caenis 

Ephemerellidae 

Drunella 

3 

Ephemerella 

Serraxeila 

Ephemeridae 

Ephemera 

1 

Hexa^enia 

Heptageniidae 

Epeonis 

1 

Heptagenia 

1 

1 

Leucrocuta 

7 

Slenacron 

4 

Slenonema 

35 

18 

14 

7 

Isonychiidae 

honychia 

8 

7 

7 

32 

Leptophlebiidae 

Lepiophlebia 

Paraleptophlebia 

PoKmitarcidae 

Ephoron 

13 

16 

6 

39 

Potamanthidae 

Anthopotamus 

11 

Siphlonuridae 

ParameletiiS 

Siphlonurus 

Tricorythidae 

Leptohyphes 

Tricoryihodes 

1 

Megaloptera 

Corydalidae 

Corydalus 

1 

6 

Nigroma 

Sialidae 

Sialis 

1 

4 

Sisyridae 

Sisyra 

Hemiptera 

\'eliidae 

Rhagovelia 

Odonata 

Coenagriorudae 

Argia 

Nehalenma 

3 
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Order 

Family 

Genus 

EMAH  0.2 

MHNY  0.3 

MIDL  0.7 

PENN  5.0 

PENN  30.0 

67L 

67L 

67L 

S7L 

67L 

Gomphidae 

Angomphus 

Gomphiis 

Stylogomphiis 

1 

Plecoptera 

Capruidae 

Paracapma 

Chloroperlidae 

Alloperla 

Leuctridae 

Leucira 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

1 

1 

2 

Agnetina 

3 

Eccoptura 

Neoperla 

2 

Par  agnetina 

Perlesra 

Perlodidae 

Cuhus 

Pteronarcyidae 

Pteronarcys 

Taenioptervgidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Braclrycentrus 

Kdicrasema 

1 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

57 

46 

15 

Cheumatopsyche 

1 

21 

5 

9 

Hydropsyche 

5 

5 

4 

3 

Macrostemum 

Potamyia 

3 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

1 

4 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

2 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammarus 

1 

Talitridae 

Hyalella 

1 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambarus 

Gastropoda 

Ancylidae 

Ferrissia 

Lyninaeidae 

Lymnaea 

Physidae 

Physa 

2 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

7 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

N’aididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Flhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tncladida 

r’lanariidae 

Dugesia 

1 

1 
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Order 

Family 

Genus 

SHRM  2.0 

SHRM  27.5 

WICO  0.3 

YLBR  3.4 

YLBR  35.7 

67L 

67L 

67L 

67L 

67L 

Coleoptera 

Elmidae 

Ancyro?7}x 

' 

Diibirapha 

1 i 

Kiacroirychus 

A ficrocylloep  u s 

1 

Opnoservus 

3 

12 

37  1 

Ordobrevia 

1 

Sienelmis 

4 

6 

13 

Gyrinidae 

Dineiitis 

1 

Hydrophilidae 

Berosus 

Hydro  bins 

Psephenidae 

Psephemis 

13 

13 

8 

27 

Ectopna 

Diptera 

Athericidae 

Atherix 

1 

Chironomidae 

3 

7 

16 

1 

-) 

Dixidae 

Empididae 

Hemerodromia 

Simuliidae 

1 

2 

Tabanidae 

Tabanus 

') 

Tipulidae 

Aniocha 

1 

1 

3 

Hexatoma 

Limoma 

1 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

6 

4 

18 

10 

18 

Centroptilum 

Fseudocloeon 

3 

1 

Caenidae 

Brachycercus 

-> 

J 

4 

Caenis 

Ephemerellidae 

Drunella 

Ephemerella 

Serratella 

Ephemeridae 

Ephemera 

Hexagenia 

1 

Heptageniidae 

Epeorus 

Heptagema 

■> 

1 

Leucrocuta 

2 

1 

Stenacron 

Stenonema 

3 

1 

6 

7 

6 

Isonychiidae 

Isonychia 

36 

48 

42 

Leptophlebiidae 

Leptophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

1 

2 

4 

Potamanthidae 

Anthopotamus 

SiphJonuridae 

Paramelelus 

Siphlominis 

Tricorvlhidae 

Leptohyphes 

Tncorythodes 

Megaloptera 

CoiA'dalidae 

Corydalus 

3 

Nigronia 

Sialidae 

Stalls 

1 

Sisyridae 

Sisyra 

1 

Hemiptera 

Veliidae 

Rhagoveha 

Odonata 

Coenagrionidae 

Argia 

Nehalenma 

Order 

Family 

Genus 

SHRM  2.0 

SHRM  27.5 

WICO  0.3 

YLBR  3.4 

YLBR  35.7 

67L 

67L 

67L 

67L 

67L 

Gomphidae 

Angomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capruidae 

Paracapnia 

Chloroperlidae 

Alloperla 

Leuctndae 

Leuctra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acronenria 

5 

1 

1 

Agnetina 

3 

Eccoptura 

Neoperla 

Paragnetma 

2 

Perlesta 

Perlodidae 

Cultus 

Pteronarcyidae 

Preronarcys 

1 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycenlridae 

Brachycenirus 

5 

1 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

36 

5 

26 

11 

8 

Cheumatopsyche 

13 

4 

6 

5 

Hydropsyche 

7 

1 

4 

Macrosiemiim 

2 

Potamyia 

3 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

18 

3 

3 

Dolophilodes 

1 

Polycentropodidae 

Neureclipsis 

Nycnophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

1 

Amphipoda 

Gammaridae 

Gammarus 

39 

11 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

2 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

2 

Procambarus 

Gastropoda 

.-^ncylidae 

Fernssia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

2 

Viviparus 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

1 

19 

1 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Heiobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

2 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

Genus 

SUSQ44.5 

SUSQ  57.0 

SUSQ  77.0 

SUSQ  94.0 

SUSQ  106.0 

Coleoptera 

Elmidae 

Ancyrom’x 

Dubiraphia 

1 

Alacronychiis 

1 

Microcylloevus 

Oplioservtis 

1 

4 

1 

Ordobrevia 

T 

Sienelmis 

1 

15 

8 

38 

4 

Gviinidae 

Dineuiis 

1 

Hydrophilidae 

Berosiis 

Hydrobius 

Psephenidae 

Psephenus 

Ectopria 

Diptera 

Athericidae 

Atherix 

Chironomidae 

2 

2 

1 

2 

1 

Dixidae 

Empididae 

Hemerodromia 

Simuliidae 

Tabanidae 

Tabanus 

Tipulidae 

Antocha 

Hexatoma 

1 

Limonia 

Tipula 

1 

1 

Ephemeroptera 

Baetidae 

Baetis 

47 

11 

6 

9 

Centroptilum 

6 

P seudocloeon 

Caenidae 

Brachycercus 

22 

Caenis 

Ephemerellidae 

Dnmella 

Ephemerella 

Serratella 

Ephemendae 

Ephemera 

Plexagenia 

Heptageniidae 

Epeorus 

Heptagenia 

9 

1 

Leucrocuta 

2 

Stenacron 

1 

12 

1 

3 

") 

Stenonema 

12 

5 

11 

8 

10 

Isonychiidae 

Isonychia 

1 

1 

7 

LeptophJebiidae 

Leplophlebia 

1 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

1 

Potamanthidae 

Anthopotamus 

*) 

Siphlonuridae 

Parameletus 

Siphlonurus 

Tricorythidae 

Leplohyphes 

4 

Tncorythodes 

1 

1 

Megaloptera 

Corydalidae 

Corydalus 

1 

1 

20 

Nigroma 

-) 

Sialidae 

Sialis 

1 

2 

4 

1 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argia 

2 

1 

1 

Nehalenma 
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Order 

Family 

Genus 

SUSQ44.5 

SUSQ  57.0 

SUSQ  77.0 

SUSQ  94.0 

SUSQ  106.0 

Gomphidae 

ArigomphiiS 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapnia 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Peltoperla 

Perlidae 

Acroneuria 

1 

Agnetina 

2 

Eccoptura 

Neoperla 

Paragnetina 

1 

Perlesta 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

T aenioptervgidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

BrachycentriiS 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceraiopsyche 

7 

1 

Cheumalopsyche 

12 

7 

14 

Hydropsyche 

3 

5 

15 

Macrostemum 

Potamyia 

4 

3 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

9 

4 

3 

18 

Dolophilodes 

Polycentropodidae 

Neureclipsis 

Nycnophylax 

Polycemropus 

Psychomviidae 

Lype 

Rhyacophilidae 

Rhyacophila 

Amphipoda 

Gammaridae 

Gammarus 

41 

7 

12 

Talitridae 

Hyalella 

Isopoda 

Asellidae 

Caectdotea 

11 

Decapoda 

Cambaridae 

Cambarus 

2 

Orconectes 

Procambarus 

Gastropoda 

Ancylidae 

Ferrissia 

Lymnaeidae 

Lymnaea 

Physidae 

Physa 

Vivipartis 

Planorbidae 

Gyraulus 

Pelecypoda 

Corbiculidae 

Corbicula 

2 

Sphaeriidae 

Psidium 

2 

3 

1 

6 

Hydracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

2 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

1 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdeilida 

Glossiphoniidae 

Batracobdella 

1 

Tricladida 

Planariidae 

Dugesia 
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Order 

Family 

Genus 

SUSQ  122.0 

Coleoptera 

Elmidae 

Ancyronyx 

Dubiraplna 

Macronychus 

Microcylloepus 

Opnoservxts 

Ordobrevta 

I 

Stenelmis 

2 

Gyrinidae 

Dimuns 

Hydrophilidae 

Berosiis 

Hydrobius 

Psephenidae 

Psephemis 

Ectopna 

Diptera 

Athericidae 

Atherix 

Chironomidae 

13 

Dixidae 

Empididae 

Hemerodromia 

2 

Simuliidae 

Tabanidae 

Tab  anus 

Tipulidae 

Antocha 

Hexaioma 

Limoma 

Tipula 

Ephemeroptera 

Baetidae 

Baetis 

6 

Centroptilum 

Pseudocloeon 

Caenidae 

Brachycercus 

6 

Caenis 

Ephemerellidae 

Drunella 

Ephemereila 

Serratella 

Ephemeridae 

Ephemera 

Hexagenia 

Heptageniidae 

Epeorus 

Hepiagema 

Leucrocuta 

4 

Stenacron 

Slenonema 

3 

Isonychiidae 

Isonychia 

1 

Leptophlebiidae 

Lepiophlebia 

Paraleptophlebia 

Polymitarcidae 

Ephoron 

Potamanthidae 

Amthopoiamus 

Siphlonuridae 

Parameletus 

Siphlonurus 

Tricorylhidae 

Leptohyphes 

Tncorylhodes 

Megaloptera 

Corydalidae 

Corydalus 

7 

Xigroma 

Sialidae 

Sialis 

1 

Sisyridae 

Sisyra 

Hemiptera 

Veliidae 

Rhagovelia 

Odonata 

Coenagrionidae 

Argta 

3 

iVehalennia 
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Order 

Family 

Genus 

SUSQ  122.0 

Gomphidae 

Angomphus 

Gomphus 

Stylogomphus 

Plecoptera 

Capniidae 

Paracapnia 

Chloroperlidae 

Alloperla 

Leuctridae 

Leuctra 

Nemouridae 

Amphinemura 

Peltoperlidae 

Pehoperla 

Perlidae 

Acroneuna 

Agnetina 

Eccoptura 

Neoperla 

Paragneiina 

Perlesta 

Perlodidae 

Cultus 

Pteronarcyidae 

Pteronarcys 

Taeniopterygidae 

Strophopteryx 

Trichoptera 

Brachycentridae 

Brachycentnis 

Micrasema 

Glossomatidae 

Glossosoma 

Hydropsychidae 

Ceratopsyche 

Cheumatopsyche 

8 

Hydropsyche 

Klacrosxemum 

Potamyia 

Leptoceridae 

Mystacides 

Philopotamidae 

Chimarra 

47 

Dolophilodes 

Polyceniropodidae 

Neureclipsis 

Nyctiophylax 

Polycentropus 

Psychomyiidae 

Lype 

Rhyacophilidae 

Rhyacophila 

•Amphipoda 

Gammaridae 

Gammarus 

2 

Taiitridae 

Hyalella 

Isopoda 

Asellidae 

Caecidotea 

Decapoda 

Cambaridae 

Cambarus 

Orconectes 

Procambanis 

Gastropoda 

.Ancylidae 

Ferrissia 

LvTTinaeidae 

Lymnaea 

Physidae 

Physa 

Viviparus 

Planorbidae 

Gyraidus 

Pelecypoda 

Corbiculidae 

Corbicula 

Sphaeriidae 

Psidium 

9 

H>dracarina 

Gnathobdellida 

Hirudinidae 

Helobdella 

Haplotaxida 

Naididae 

Nias 

Tubificidae 

Lumbriculidae 

Rhynchelmis 

Gordioida 

Gordiidae 

Gordius 

Rhynchobdellida 

Glossiphoniidae 

Batracobdella 

Tncladida 

Planariidae 

Dugesia 
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Appendix  C 


Drainage  Area  and  Subecoregion  Designation 
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Sample  Site 

Reference 

Cateory 

Subecoregion 

Designation 

Drainage 

Area 

(square  miles) 

ARMS  0.1 

67b 

67b 

32.3 

BEAV0.6 

67a 

67a 

27,2 

BERM  1.2 

64L 

64a 

110.0 

BERM  11,0 

64ac 

64a 

31.8 

CCLC  0,4 

64L 

64d 

140.0 

CCLC  12.2 

64d 

64d 

72.4 

CHCK  3.0 

64L 

64d 

126.0 

CLRK3,8 

67cd 

67c 

44.9 

CNTG0.9 

64L 

64d 

477.0 

CNTG  22.6 

64L 

64d 

324.0 

CNTG32.7 

64L 

64d 

182.0 

CNTG  43.9 

64L 

64d 

117.0 

CNWG  1.8 

64ac 

64c 

34.4 

CODO  0.6 

64L 

64a 

278.0 

CODO  22.4 

64L 

64d 

133.3 

CODO  33.0 

64L 

64d 

106.0 

CODO  34.1 

64ac 

64c 

82.4 

CONO  1.3 

67L 

67b 

506.0 

CONO  28.8 

67L 

67b 

433.0 

CONO  51.8 

67L 

67b 

342.6 

CONO  66,0 

67L 

67b 

193.8 

DEEP  1.2 

67cd 

67d 

31.8 

DEER  1.2 

64L 

64c 

169.0 

DEER  30. 1 

64ac 

64c 

25.5 

EBOC  5.3 

64ac 

64c 

90.6 

ECONO.O 

64ac 

64a 

52.5 

ELKNO.l 

67a 

67a 

56.8 

EMAH0.2 

67L 

67b 

164.0 

EMAH  17,1 

67b 

67b 

71.9 

EPIN  0.1 

67cd 

67d 

76.8 

EPIN  12.7 

67cd 

67d 

45.0 

HAMM  0.2 

64d 

64d 

35.2 

KRTZ  1.5 

64d 

64d 

34.2 

LCHK  0.4 

64d 

64d 

44.5 

LCNT  1.7 

64d 

64d 

65.5 

LCON  1.5 

64ac 

64a 

65.4 

LRLN  0,8 

67b 

67b 

20,1 

ERLS  0.5 

67cd 

67c 

26.8 

LSHM0.8 

67b 

67b 

29.1 

LSWT  0.6 

67b 

67b 

99.2 

LTRT  0.1 

67a 

67a 

21.7 

MDDY  3.3 

64L 

64c 

138.0 

MHNY0.3 

67L 

67b 

157,0 

MIDD  0.2 

64d 

64d 

32.4 

MIDL  0.7 

67L 

67b 

175,0 

MIDL  24.7 

67b 

67b 

95.9 

Sample  Site 

Reference 

Category 

Subecoregion 

Designation 

Drainage 

Area 

(square  miles) 

MILL  0.3 

64d 

64d 

56.4 

MISP  0.5 

67a 

67a 

45.8 

MNDA  0. 1 

67b 

67b 

32.2 

MNTN  3.0 

66 

66a 

47.6 

MUDD  0.2 

64d 

64d 

51.8 

NBMY  0.0 

64ac 

64c 

43.8 

NMHTO.O 

67b 

67b 

37.1 

NMID  0.7 

67b 

67b 

36.8 

OCTO  1.0 

64L 

64c 

176.0 

PAXT  0.5 

67b 

67b 

27.4 

PAXT  8.4 

67b 

67b 

11.2 

PENN  30.0 

67L 

67b 

240.0 

PENN  5.0 

67L 

67b 

306.0 

PENN  50.6 

67a 

67a 

56.0 

POWL  0.1 

67b 

67b 

39.7 

PQEA  15.2 

64L 

64d 

116.7 

PQEA3.3 

64L 

64d 

154.0 

QUIT  0.3 

67b 

67b 

77.3 

SBCC  1.2 

64ac 

64a 

73.5 

SBCD  0.4 

64L 

64c 

117.0 

SBCD  3.6 

64ac 

64c 

72.5 

SBEV2.5 

64d 

64d 

21.4 

SBMY  0.0 

64ac 

64c 

28.1 

SHAM  2.7 

67L 

67b 

137.0 

SHRM2.0 

67L 

67b 

244.0 

SHRM  27.5 

67L 

67a 

150.1 

SPRG  0.0 

67a 

67a 

24.0 

STON  0.4 

67cd 

67c 

35.6 

SWAT  2.3 

64L 

64a 

571.0 

SWAT  21.7 

67L 

67b 

286.0 

SWAT  39.0 

67b 

67b 

72.1 

SWAT  56.0 

67b 

67b 

68.9 

TRDL  0.0 

67a 

67a 

19.6 

WBOC  4.3 

64ac 

64c 

48.1 

WCON2.9 

64L 

64a 

510.0 

WCON  20.4 

64L 

64a 

448.0 

WCON35.5 

64L 

64a 

296.4 

WCON  56.3 

64L 

64a 

184.2 

WCON  66.5 

64L 

64a 

129.5 

WICO  0.3 

67L 

67d 

116.0 

WMHT  2.2 

67b 

67b 

46.9 

WPIN0.8 

67a 

67a 

36.4 

YLBR3.4 

67L 

67a 

216.0 

YLBR35.7 

67L 

67a 

122.8 

Sources;  Pa.  DER  (1989)  and  Pa.  DEP  (unpublished) 
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Appendix  D 

Raw  Water  Quality  Data  From  Sample  Sites 
IN  THE  Lower  Susquehanna  Subbasin 
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